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GROUND  WATER  IN  SOUTH-CENTRAL 
PENNSYLVANIA 

By  Stanley  AV.  Lohman 

ABSTRACT 

This  report  describes  the  geography,  geology,  and  ground-water  condi- 
tions in  an  area  comprising  9,769  square  miles  in  the  south-central  part 
of  Pennsylvania  and  including  the  14  counties  of  Bedford,  Blair,  Cambria, 
Centre,  dear-field,  Clinton,  Fulton,  Huntingdon,  Juniata,  Mifflin,  Perry, 
Snyder,  Somerset,  and  Union.  It  includes  parts  of  two  major  physiographic 
provinces — the  Ridge  and  Valley  province  and  the  Appalachian  Plateaus 
province — which  together  include  the  most  mountainous  parts  of  the 
State.  The  highest  point  in  the  State  is  in  Somerset  County.  The  eastern 
Continental  Divide  traverses  the  area  near  the  boundary  between  the  two 
physiographic  provinces.  Part  of  the  area  is  drained  by  tributaries  of  the 
Ohio  River  and  the  larger  part  by  the  Susquehanna  and  Potomac  Rivers. 

The  population  is  largely  rural,  and  there  are  only  four  cities  having 
more  than  10,000  inhabitants,  the  largest  of  which  are  Altoona,  with 
82,054  (in  1930),  and  Johnstown,  with  66,993. 

The  area  contains  a classic  section  of  the  Paleozoic  formations,  and 
all  the  generally  recognized  Paleozoic  systems  — Cambrian,  Ordovician, 
Silurian,  Devonian,  and  Carboniferous — are  well  represented.  There  are, 
however,  several  pronounced  disconformities.  The  structure  is  typical  of 
the  Appalachian  region  and  includes  many  large  folds  and  several  over- 
thrust faults.  A few  dikes  of  Triassic  diabase  are  found  in  Perry  County, 
and  glacial  and  fluvial  deposits  of  Pleistocene  age  and  Recent  fluvial 
deposits  are  present  along  some  of  the  major  streams,  particularly  at  the 
northeast  corner  of  the  area. 

In  the  rural  sections  dug  wells  and  small  springs  supply  most  of  the 
water  for  domestic  and  stock  use,  but  drilled  wells  are  also  used  exten- 
sively, and  additional  wells  are  being  drilled  each  year  to  replace  dug 
wells  or  to  supply  new  homes  and  farms.  Most  of  the  geologic  formations 
in  the  area  yield  sufficient  water  for  domestic  use,  and  many  yield  large 
quantities  suitable  for  industrial  and  public  supplies.  The  cities,  many 
of  the  larger  boroughs,  most  of  the  railroads,  and  a few  of  the  larger 
industries  are  supplied  with  surface  water  from  impounded  streams,  and 
there  are  innumerable  undeveloped  streams  that  could  be  thus  utilized. 
:More  that  80  boroughs  and  villages  obtain  their  water  supplies,  at  least 
in  part,  from  wells  or  springs,  and  numerous  industries  are  supplied  with 
ground  water.  Ground  water  is  particularly  favored  by  industries  that 
require  cold  water  of  nearly  constant  temperature  for  cooling  or  condens- 
ing and  by  industries  that  require  exceptionally  clear  water. 

The  Cambrian  and  Ordovician  limestones  and  dolomites  and  the  upper 
Silurian  and  Lower  Devonian  limestones  and  calcareous  shales  are  prob- 
ably the  most  productive  water  bearers  in  that  part  of  the  area  lying  in 
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the  Ridge  and  Valley  province.  They  supply  numerous  drilled  wells,  some 
of  which  yield  as  much  as  500  gallons  a minute,  and  supply  many  large 
springs.  Those  of  Cambrian  and  Ordovician  age  in  particular  contain 
numerous  caves,  sink  holes,  and  water-filled  solution  channels  and  give 
rise  to  the  largest  springs  in  the  area,  including  Bellefonte  Spring,  in 
Centre  County,  which  has  a reported  discharge  of  31  second-feet,  or  about 
14,000  gallons  a minute  and  is  believed  to  be  the  second  largest  spring 
in  the  State.  Large  supplies  are  also  obtained  locally  from  calcareous 
sandstones  of  the  Oriskany  group  and  from  sand  or  gravel  of  Pleistocene 
and  Recent  age,  although  the  latter  deposits  have  not  been  exploited  exten- 
sively. Most  of  the  ground  waters  in  the  Ridge  and  Valley  province  are  of 
suitable  quality  for  most  ordinary  purposes  and  range  from  soft  to  moder- 
ately hard.  Some  of  the  waters  from  limestones  and  calcareous  shales  of 
the  Cayuga  group  and  the  Helderberg  limestone,  however,  are  excessively 
hard  and  are  unsuited  for  many  purposes,  such  as  boiler  feed.  Relatively 
few  waters  in  the  Ridge  and  Valley  province  contain  dissolved  iron  in 
large  amounts,  and  very  few  contain  much  sodium  chloride. 

In  that  part  of  the  area  lying  in  the  Appalachian  Plateaus  province 
abundant  supplies  of  ground  water  are  obtainable  in  many  places  from 
sandstones  of  the  several  Carboniferous  formations,  of  which  those  of  the 
Pottsville  formation  are  especially  productive.  However,  some  of  the 
waters — particularly  some  of  the  Pottsville  waters — have  a high  content 
of  dissolved  iron,  which  is  an  especially  disagreeable  constituent  of  many 
ground  waters  in  a large  part  of  western  Pennsylvania.  Where  present, 
however,  it  can  be  removed  by  simple  treatment.  In  this  part  of  the  area 
drilled  wells  are  utilized  extensively  to  furnish  industrial  and  public 
supplies.  Considerable  coal  is  mined  in  this  region,  and  in  some  places 
wells  and  springs  have  been  dried  up  by  the  lowering  of  the  water  table 
resulting  from  mine  drainage.  In  some  of  the  deeper  synclinal  basins  deep 
wells  are  likely  to  encounter  brackish  or  salty  water. 

The  basic  held  data  upon  which  most  of  this  report  is  based  are  con- 
tained in  the  14  separate  county  descriptions  and  comprise  tabulated 
records  of  more  than  1,100  wells  and  springs,  chemical  analyses  of  92 
samples  of  ground  water  from  representative  wells  and  springs  and  of  5 
samples  of  water  from  streams.  Descriptions  are  given  of  all  public 
supplies  that  utilize  ground  water  as  a sole  or  auxiliary  source.  In  addi- 
tion, the  weekly  depths  to  water  level  in  4 unused  wells  since  the  fall  of 
1931  are  given  in  graphic  form. 


INTRODUCTION 

PURPOSE  AXD  SCOPE  OF  THE  IXVESTIOATIOX 
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The  investigation  upon  which  this  report  is  based  is  the  fifth 
unit  of  a program  undertaken  by  the  Pennsylvania  Topographic 
and  Geologic  Survey  in  cooperation  with  the  United  States 
Geological  Survey  to  determine  the  underground-water  condi- 
tions in  the  entire  State.  The  purpose  of  this  survey  is  to  inven- 
tory the  principal  sources  of  ground  water  throughout  the  State, 
so  that  an  individual,  industry,  or  municipality  may  find  the  in- 
formation necessary  for  a satisfactory  and  economical  solution 
of  its  water  supply  problems  so  far  as  they  concern  water  from 
subterranean  sources. 

The  field  work  for  this  report  was  carried  on  for  2i/o  months 
during  the  summer  and  fall  of  1933  and  2V2  months  during  the 
summer  of  1934.  Records  were  collected  of  1,173  wells  and 
springs  that  furnish  municipal,  industrial,  and  domestic  supplies, 
and  well  owners  and  drillers  were  interviewed.  Only  those 
village,  borough,  and  city  water  supplies  were  investigated  that 
utilize  ground  water,  no  study  being  made  of  those  using  water 
from  streams  or  lakes.  Some  time  was  devoted  to  a study  of  the 
rock  formations. 

In  order  to  determine  the  chemical  character  of  water  in  differ- 
ent parts  of  the  area,  samples  of  water  were  collected  from  92 
representative  wells  and  springs  and,  for  the  purpose  of  compari- 
son, 5 samples  were  collected  from  surface  streams.  These 
samples  were  analyzed  in  the  water-resources  laboratory  of  the 
United  States  Geological  Survey,  mainly  by  E.  \V.  Lohr  but  in 
part  by  klargaret  D.  Foster  and  W.  L.  Lamar. 

The  physical  properties  of  two  samples  of  sandstone  were  de- 
termined by  V.  C.  Fishel  in  the  hydrologic  laboratory  of  the 
United  States  Geological  Survey. 

The  work  was  carried  on  under  the  supeiwision  of  0.  E. 
Meinzer,  geologist  in  charge  of  the  division  of  ground  water. 
United  States  Geological  Survey,  and  G.  H.  Ashley,  State  geolo- 
gist of  Pennsylvania.  The  manuscript  of  this  report  received  the 
constructive  criticism  of  G.  W.  Stose  and  G.  B.  Richardson,  of 
the  geologic  branch  of  the  United  States  Geological  Survey. 

LOCATIOX  AXD  EXTEXT  OF  THE  AREA 

The  area  described  in  this  report  embraces  9,769  square  miles 
in  the  south-central  part  of  Pennsylvania,  and  includes  the  14 
counties  of  Bedford,  Blair,  Cambria,  Centre,  Clearfield,  Clinton, 


4 


GROUND  WATER 


P'ulton,  Huntingdon,  Juniata,  Mifflin,  Perry,  Snyder,  Somerset, 
and  Union.  The  area  lies  between  meridians  76°  45'  and  79°  30' 
west  longitude  and  parallels  39°  40'  and  41°  30'  north  latitude. 
The  location  of  the  area  with  respect  to  the  boundaries  of  the 
State  and  to  the  other  units  of  the  State-wide  ground-water 
survey  is  shown  by  figure  1. 


groiiml-water  reports.  1,  Southeastern  Pennsylvania,  Bull.  W3;  2,  South- 
western Pennsylv:inia,  Bull.  Wl;  3,  Northwestern  Pennsylvania,  Bull.  W3; 
4,  Northeastern  Pennsylvania,  Bull.  W4;  5,  South-central  Pennsylvania, 
this  report;  6,  North-eentral  Pennsylvania,  report  in  preparation. 

This  area  is  called  South-central  Pennsylvania  on  the  title 
page  and  in  some  places  in  the  text.  Also  in  the  text  it  is  called 
central  and  south-central  Pennsylvania.  This  inconsistency  is 
the  editor’s.  Figure  1 shows  the  area  covered  by  this  report 
which  will  be  followed  by  another  covering  the  remaining  north- 
central  counties. 


PREVIOUS  INVESTIGATIONS 

In  the  following  bibliography  no  attempt  has  been  made  to 
include  all  the  reports  that  touch  upon  the  geology  of  the  area, 
but  merely  to  list  those  geologic  reports,  most  of  which  contain 
areal  geologic  maps,  from  which  most  of  the  descriptions  of 
geologic  formations  or  structure  were  taken  and  which  furnished 
the  basis  for  determining  the  geologic  horizons  of  the  water- 
bearing beds  encountered  in  wells.  The  list  also  includes  a few 
reports  dealing  with  ground-water  conditions  in  the  area.  Some 
of  these  reports  and  others  not  listed  here  are  acknowledged  by 
footnotes  throughout  the  present  report. 
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GEOGRAPHY 

rHYSIOAL  DIVISIONS 

The  physical  divisions  represented  in  Pennsylvania  are  shown 
in  figure  2.  Differences  in  topography,  rocks,  and  geologic  struc- 
ture form  the  basis  for  a natural  subdivision  of  the  Appalachian 
Highlands  into  several  provinces.^  The  area  described  in  this 
report  lies  within  two  of  these  provinces,  the  Ridge  and  Valley 
province  and  the  Appalachian  Plateaus  province.  The  boundary 

» Fenneman,  N.  M.,  Physiographic  divisions  of  the  United  States,  3d  ed.: 
Assoc.  Am.  Geographers  Annals,  vol.  18,  no.  4,  1928. 
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between  these  two  provinces,  known  as  the  Allegheny  Front,  is 
perhaps  the  most  striking  topographic  feature  of  the  area  and  is 
shown  in  plates  3 and  4,  A. 


Figure  U.  Map  of  Pennsylvania  and  adjoining  States  sho^ving  the  major  physi- 
cal divisions.  Subdivisions  of  the  Ap  pjilachiaii  Flsiteaus  province:  A, 
Allegheny  Mountain  section;  15,  Southern  New  York  section;  C,  Ivanawha 
section. 

Ridge  and  Valley  pt'oznnce. — The  Ridge  and  Valley  province, 
which  includes  most  of  the  area,  comprises  an  alternate  succes- 
sion of  narrow  ridges  and  broad  or  narrow  valleys  trending 
generally  northeast  and  curving  toward  the  east  in  the  northern 
part  of  the  area.  This  is  a region  of  alternating  hard  and  soft 
sedimentary  rocks  that  have  been  severely  folded  by  lateral  com- 
pression from  the  southeast  into  a series  of  anticlines  and  syn- 
clines. After  the  rocks  had  been  folded  the  whole  area  was 
slowly  base-leveled  by  erosion,  and  hard  and  soft  layers  alike  were 
reduced  to  a nearly  uniform  surface.  Then  followed  a general 
uplift  of  the  region  that  gave  the  streams  renewed  vigor  and 
began  another  period  of  erosion,  which  has  continued  to  the 
present  time.  As  a result  of  this  erosion  the  softer  rocks  have 
been  eroded  forming  valleys,  and  the  more  resistant  rocks  stand 
out  as  long,  narrow,  even-crested  ridges,  as  shown  in  plates  3 
and  4,  A. 
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The  southern  border  of  the  area  in  Perry  County,  a conspicuous 
ridge  called  Kittatinny  or  Blue  Mountain,  is  also  the  boundary 
between  the  Ridge  and  Valley  province  and  the  Cumberland 
Valley. 

Appalachian  Plateaus  province. — All  of  the  area  that  lies  west  of 
the  Allegheny  Front  is  in  the  Allegheny  Mountain  section  of  the 
Appalachian  Plateaus  province,  except  a small  part  of  Clearfield 
County,  which  lies  in  the  adjoining  Kanawha  section.  The  Alle- 
gheny Mountain  section  is  a high,  mature  plateau  surmounted 
in  its  eastern  portion  by  several  high  ridges.  The  Kanawha 
section  stands  at  a lower  altitude,  and  its  plateaus  have  somewhat 
less  relief  than  the  Allegheny  Mountains. 

In  striking  contrast  with  those  of  the  Ridge  and  Valley  province, 
the  strata  of  the  Appalachian  Plateaus  province  have  been  dis- 
turbed but  slightly  from  their  original  attitude  and  lie  nearly 
horizontal  in  most  places.  The  physiographic  evidence  supports 
the  conclusion  that  the  rocks  of  the  plateaus  have  been  base- 
leveled  in  common  with  those  of  the  Ridge  and  Valley  province, 
and,  after  subsequent  uplift,  the  streams  have  dissected  the  sur- 
face of  the  old  peneplain  so  that  it  now  presents  the  appearance 
of  a hilly  country.  However,  evidences  of  the  former  plain  are 
seen  in  the  remaining  hilltops,  as  shown  in  plate  5. 

TOPOGRAPHY 

Relief. — The  area  includes  the  highest  and  most  mountainous 
parts  of  the  State.  The  highest  point  in  the  area,  as  well  as  in  the 
State,  is  in  the  Allegheny  Mountain  section,  where  Mount  Davis, 
on  Negro  Mountain  in  Somerset  County,  stands  at  an  altitude  of 
3,213  feet.  It  is  of  interest  that  a well  was  drilled  successfully  on 
the  summit  of  Mount  Davis  (well  913,  p.  292).  The  lowest  point 
in  the  area  is  in  the  Susquehanna  Water  Gap,  in  Perry  County, 
and  has  an  altitude  of  only  about  310  feet.  The  area  as  a whole, 
therefore,  has  a maximum  relief  of  about  2,900  feet. 

The  greatest  local  relief  is  along  the  Allegheny  Front,  where 
the  crests  stand  1,300  to  1,800  feet  above  the  adjacent  valleys, 
and  in  the  Ridge  and  Valley  province,  where  numerous  ridges 
stand  600  to  1,800  feet  above  the  adjacent  valleys.  A relief  of 
1,600  feet  is  found  in  the  Appalachian  Plateaus  province  along 
each  of  three  deeply  incised  rivers,  the  Casselman,  the  Cone- 
maugh,  and  the  West  Branch  of  the  Susquehanna.  A consider- 
able part  of  the  area  in  this  province  stands  at  an  altitude  of 
more  than  2,000  feet,  numerous  ridges  stand  above  2,500  feet, 
and  small  areas  stand  above  3,000  feet.  Many  of  the  ridges  in 


Plate  4 


A.  Allegheny  Front,  looking  northwest  across  Bald  Eagle  Valley  from  Buf- 
falo Run  Gap  on  Bald  Eagle  Mountain,  Centre  County. 


B.  Typical  Ridge  and  Valley  topography.  Looking  west  across  Sheaffer 
Valley  toward  Bowers  Mountain  from  a point  a quarter  of  a mile  north 
of  Doubling  Gap,  Perry  County. 


Plate  5 
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A.  Appalachian  Plateaus,  Allegheny  Mountain  section,  looking  east  from 
a point  1 mile  west  of  Faiince,  Clearfield  County. 


B.  Dissection  of  Appalachian  Plateaus,  Allegheny  Mountain  section,  look- 
ing west  from  a point  in  northern  Johnstown,  Cambria  County.  Laurel 
Ridge  in  background,  with  Conemaugh  River  gap  at  right;  byproduct 
coking  plant  at  Rosedale  in  foreground. 
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the  western  part  of  the  Ridge  and  Valley  province  are  more  than 

2.000  feet  above  sea  level,  and  a few  reach  2,400  to  2,700  feet. 
In  the  distance  of  125  miles  between  Harrisburg  and  the  Alle- 
gheny Mountains  of  Somerset  County  the  altitudes  of  the  highest 
ridges  increase  gradually  from  about  1,200  feet  to  more  than 

3.000  feet.  The  relief  within  the  larger  valleys  of  the  Ridge  and 
Valley  province  ranges  from  100  to  more  than  500  feet  but  is 
generally  200  to  300  feet.  The  relief  in  each  county  is  given  in 
the  county  descriptions. 

Drainage. — The  eastern  Continental  Divide  traverses  the  area 
west  of  the  Allegheny  Front.  The  drainage  therefore  flows 
chiefly  to  the  Atlantic  Ocean,  but  a small  part  flows  to  the  Gulf 
of  Mexico. 

Almost  all  the  area  east  of  the  divide  is  drained  by  the  Susque- 
hanna River,  which  fonns  the  eastern  boundary  of  the  area,  but 
parts  of  Bedford  and  Fulton  Counties  are  drained  by  tributaries 
of  the  Potomac  River.  The  Susquehanna  drainage  is  carried  by 
the  Juniata  River,  the  West  Branch  of  the  Susquehanna  River, 
and  small  streams  directly  tributary  to  the  main  Susquehanna 
River.  The  area  includes  the  entire  drainage  basin  of  the  Juniata 
River. 

Nearly  all  of  Somerset  County,  about  two-thirds  of  Cambria 
County,  and  a small  area  of  northwestern  Clearfield  County  are 
drained  by  tributaries  of  the  Ohio  River,  chiefly  by  the  Cone- 
maugh  River  and  other  tributaries  of  the  Allegheny  River  but  in 
part  by  the  Youghiogheny  River. 

POPULATIOX 

According  to  the  census  of  1930  the  14  counties  covered  by 
this  report  had  a population  of  787,359,  and  an  average  density 
of  population  of  80.6  inhabitants  to  the  square  mile,  as  compared 
with  214.8  for  the  entire  State.  There  are  only  four  cities  in  the 
area  having  more  than  10,000  inhabitants,  and  only  two  having 
more  than  50,000 — Altoona,  with  82,054  (in  1930),  and  Johns- 
town, with  66,993.  Cambria  County  has  the  greatest  density  of 
population,  with  283.3  inhabitants  to  the  square  mile,  and  Fulton 
County  has  the  smallest,  with  only  22.9  inhabitants  to  the  square 
mile.  The  population  of  the  counties  and  larger  towns  is  given 
in  the  county  descriptions. 

TRANSPORTATION 

The  area  as  a whole  is  well  served  by  railroads,  except  for 
Fulton  County,  in  which  the  only  railroad  is  a spur  of  the  East 
Broad  Top  Railroad,  which  projects  about  a quarter  of  a mile 
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into  the  county.  The  area  is  crossed  by  the  main  line  of  the 
Pennsylvania  Railroad  and  is  well  covered  by  its  many  branch 
lines  including  the  Erie  division,  which  traverses  Clinton  County. 
The  New  York  Central  Railroad  has  a line  in  Centre,  Clearfield, 
and  Clinton  Counties,  and  the  Buffalo,  Rochester  & Pittsburgh 
Railroad  (Baltimore  & Ohio  system)  crosses  Clearfield  County. 
Southern  Somerset  and  Bedford  Counties  are  served  by  the 
Baltimore  & Ohio  Railroad  and  the  Western  Maryland  Railroad. 
The  Reading  Railway  serves  parts  of  Union  and  Snyder  Counties. 
In  addition  to  these  large  systems,  there  are  several  small  rail- 
roads— the  Huntingdon  & Broad  Top  Mountain,  East  Broad  Top, 
Bellefonte  Central,  and  Central  of  Pennsylvania.  Several  narrow- 
gage  railroads  have  been  abandoned  in  recent  years,  including 
the  Tuscarora  Valley  and  the  Shermans  Valley,  in  Juniata  and 
Perry  Counties. 

The  area  is  covered  by  a network  of  modem  highways,  and  in 
recent  years  many  of  the  country  roads  have  been  macadamized. 
The  most  traveled  highways  crossing  the  area  are  the  William 
Penn  Highway,  which  follows  the  Juniata  River;  the  Susque- 
hanna Trail,  which  follows  the  Susquehanna  River;  the  Buck 
Tail  Trail,  which  follows  the  West  Branch  of  the  Susquehanna 
River;  and  the  Lincoln  Highway,  which  traverses  the  mountains 
through  Somerset,  Bedford  and  Fulton  Counties. 

In  years  past  canals  were  used  along  the  principal  rivers,  but 
these  have  all  been  abandoned  in  favor  of  better  methods  of 
transportation. 


AGRICULTURE 

Nearly  49  percent  of  the  total  land  area  in  the  14  counties  was 
devoted  to  farming  in  1930.  Snyder  and  Fulton  Counties  ranked 
first  and  second,  with  70.1  percent  and  65.3  percent  of  their  total 
land  area  under  cultivation,  and  Clinton  County  ranked  last,  with 
only  16.7  percent  of  its  total  land  area  under  cultivation. 

The  main  crops  grown  on  the  plateaus  are  corn,  oats,  wheat, 
rye,  and  grass,  but  buckwheat  and  potatoes  are  also  grown 
extensively.  The  plateaus  have  fair  soil,  but  although  many  of 
the  farms  yield  excellent  returns,  most  of  them  are  not  in  a 
prosperous  condition  and  yield  their  owners  only  a bare  living. 
Many  untenanted  farms  are  found  in  this  part  of  the  area,  some 
of  which  are  owned  by  coal  companies  that  are  interested  only 
in  the  mineral  rights. 

The  general  crops  grown  in  the  Ridge  and  Valley  province  are 
the  same  as  on  the  plateaus,  except  that  rye  is  not  cultivated 
as  extensively.  A high  state  of  agricultural  development  is  found 
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in  the  numerous  broad  limestone  valleys  that  foimi  so  conspicuous 
a feature  of  this  province,  but  in  the  narrower  valleys  of  shale 
and  sandstone  many  of  the  farms  are  not  in  a prosperous  con- 
dition. Considerable  milk  is  shipped  from  the  eastern  part  of 
the  area  to  Philadelphia  and  other  cities. 

-VATIRAL  RESOURCES  AND  INDUSTRIES 

South-central  Pennsylvania  is  well  endowed  with  natural  re- 
sources which  have  opened  the  way  for  numerous  industries. 

Coal  is  by  far  the  most  valuable  resource  of  the  plateau 
counties.  Low- volatile  semibituminous  coal  is  mined  extensively 
in  Cambria,  Clearfield,  and  Somerset  Counties,  and  to  a lesser 
extent  in  Blair,  Centre,  and  Clinton  Counties.  Semibituminous 
coal  is  mined  in  the  isolated  Broad  Top  coal  field,  in  Bedford, 
Fulton  and  Huntingdon  Counties.  The  ready  availability  of  coal 
over  much  of  the  area  has  given  rise  to  important  industries, 
such  as  the  steel  furnaces  and  byproduct  coke  plants  at  Johns- 
town. (See  plate  5,  B.) 

Some  natural  gas  has  been  obtained  in  Cambria,  Centre,  Clear- 
field, Clinton,  and  Somerset  Counties,  but  oil  in  commercial 
quantities  has  not  been  found  in  this  area. 

Pennsylvania  is  the  leading  producer  of  silica  brick,  most  of 
which  is  made  in  this  area  from  ganister,  a rock  derived  from 
the  Tuscarora  quartzite,  the  principal  mountain-making  forma- 
tion in  the  Ridge  and  Valley  province.  Silica  brick  is  made  from 
ganister  in  Bedford,  Blair,  Centre,  Clinton,  Huntingdon,  Juniata, 
and  Mifflin  Counties. 

Pennsylvania  is  the  leading  State  in  the  production  of  glass 
sand,  and  central  Pennsylvania  is  by  far  the  chief  producer,  both 
as  regards  the  total  tonnage  of  glass  sand  produced  and  as 
regards  the  better  quality  of  the  sand  for  glass  making.  The 
sand  comes  from  the  Oriskany  group  and  is  quarried  extensively 
at  several  localities  in  Huntingdon  and  Mifflin  Counties.  The 
Oriskany  is  also  quarried  for  building  sand  in  Bedford,  Blair, 
and  Centre  Counties  and  for  molding  sand  in  Mifflin  County. 
(See  plate  6,  A.) 

Building  stone  for  local  use  is  available  in  all  the  counties  in 
the  area,  and  considerable  sandstone  has  been  quarried  and 
shipped  from  the  Homewood  sandstone  member  of  the  Pottsville 
in  Clearfield  County. 

Clearfield  County  is  probably  the  leading  producer  of  flint  clay 
in  the  State.  Flint  clay  is  also  produced  in  Cambria,  Centre,  and 
Clinton  Counties. 
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The  mining  of  hematite  iron  ore  from  the  Clinton  formation 
and  limonite  iron  ore  from  Cambrian  and  Ordovician  limestone 
was  a thriving  industry  along  the  Juniata  River  many  years  ago, 
but  none  of  this  iron  ore  is  workable  commercially  at  present. 

Limestone  quarries  have  been  opened  and  operated  in  the  area 
wherever  limestone  occurs,  the  rock  being  used  for  flux,  burning, 
building,  road  material,  railroad  ballast  and  in  some  places  for 
high-grade  chemical  lime.  The  principal  quarries  are  near  Belle- 
fonte,  Tyrone,  Hollidaysburg,  Birmingham,  and  Lewistown. 
(See  pi.  6,  B.) 

In  the  early  history  of  the  area  lumbering  and  tanning  were 
very  important  industries,  but  at  the  present  time  practically 
all  the  timber  land  has  been  cut  over — much  of  it  having  been 
cut  twice  or  more — and  the  lumbering  industry  has  nearly  dis- 
appeared. In  1934  only  five  tanneries  were  observed  in  operation, 
three  in  Clearfield  County  and  two  in  Clinton  County.  Some 
timber  is  used  for  making  paper  and  pulp,  and  there  are  large 
paper  mills  at  Lock  Haven,  Tyrone,  Williamsburg,  and  Roaring 
Spring. 

Hydroelectric  power  has  been  developed  on  the  Juniata  River 
near  Petersburg,  and  on  small  streams  near  Milesburg  and  Roar- 
ing Spring.  There  are  numerous  undeveloped  power-sites  along 
the  major  streams.  Electric  power  is  also  developed  from  steam 
at  several  places — notably  along  the  Raystown  Branch  of  the 
Juniata  River  at  Saxton. 

Another  important  natural  resource  of  the  area  is  ground 
water,  the  occurence  and  uses  of  which  are  described  in  this 
report. 


OliTMATE 

In  general  the  heaviest  precipitation  in  the  area  occurs  in  the 
highest  parts  of  the  Allegheny  Mountains.  The  annual  precipi- 
tation in  the  area  averages  about  40  inches,  ranging  from  35.5 
inches  at  Altoona,  which  is  in  the  lee  of  the  Allegheny  Front,  to 
50.8  inches  at  Somerset,  which  is  on  the  high  plateau.  The 
greatest  annual  precipitation  on  record  was  66.6  inches  at  Somer- 
set in  1890.  The  dryest  year  on  record  was  1930,  when  only  27.3 
inches  fell  at  Somerset  and  23.9  inches  at  Altoona.  In  1930  the 
precipitation  at  all  the  stations  ranged  from  10  to  24  inches  below 
normal.  In  1895  the  precipitation  at  Altoona  was  only  about  21 
inches,  but  the  dryness  was  only  local,  and  there  was  no  wide- 
spread drought  such  as  existed  in  1930. 
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Although  the  precipitation  is  fairly  well  distributed  through- 
out the  12  months  of  the  year,  the  heaviest  rainfall  occurs  in 
May,  June,  July,  and  August,  with  the  maximum  in  June  anc 
relatively  low  rainfall  occurs  in  October,  November,  and  Febru- 
ary. Thus  the  heaviest  precipitation  occurs  during  the  growing 
season,  when  it  is  of  the  most  benefit  to  crops. 

The  average  annual  snowfall  ranges  from  about  36  to  52  inches 
in  the  Ridge  and  Valley  province  and  reaches  about  88  inches 
on  the  high  plateau  at  Somerset.  Most  of  the  snow  falls  between 
November  and  April,  but  on  the  high  plateau  some  snow  generallj^ 
falls  during  October,  and  in  some  years  traces  of  snow  have  been 
recorded  in  May  in  both  provinces. 

The  mean  annual  temperature  ranges  from  46.8°F.  at  Ebens- 
burg  to  51.5°F.  at  Hyndman.  January,  with  average  tempera- 
tures of  23° — ^30°F.,  is  the  coldest  month,  and  July,  with  average 
temperatures  of  67° — 73°F.,  is  the  warmest.  Temperatures  as 
high  as  106°F.  have  been  recorded  at  several  places,  and  tempera- 
tures as  low  as  minus  34°F.  have  been  recorded  at  Clearfield. 
The  first  killing  frost  in  the  fall  generally  occurs  late  in  Septem- 
ber or  early  in  October,  and  the  last  killing  frost  in  the  spring 
generally  occurs  sometime  in  May.  The  average  length  of  the 
growing  season  ranges  from  120  to  160  days. 

The  chief  climatic  data  for  eleven  stations  in  the  area  are 
summarized  in  the  following  table : 


[From  U.  S.  Weather  Bureau] 
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The  consolidated  rocks  that  crop  out  in  the  area  are  all  of  Paleo- 
zoic age  except  a few  dikes  of  Tl’iassic  diabase  in  Perry  County. 
All  the  Paleozoic  systems  — Cambrian,  Ordovician,  Silurian, 
Devonian,  and  Carboniferous — are  well  represented.  Pleistocene 
glacial  deposits  are  found  along  some  of  the  streams  in  the  north- 
eastern part  of  the  area. 

The  older  systems  are  exposed  only  in  the  Ridge  and  Valley 
province.  The  rocks  exposed  in  the  Appalachian  Plateaus  province 
are  all  of  Carboniferous  age  except  for  a few  exposures  of 
Devonian  rocks  in  the  northern  part  and  two  small  spots  in 
southwest  Somerset  County.  The  oldest  formation  known  to  be 
exposed  in  the  area  is  the  Waynesboro  formation,  of  Lower 
Cambrian  age,  and  the  youngest  undoubted  Paleozoic  formation 
is  the  Monongahela  formation — the  youngest  formation  of  the 
Pennsylvanian  series.  Gardner,”  following  the  view  of  the  Second 
Geological  Survey  of  Pennsylvania,  thought  that  the  Monongahela 
formation  and  a portion  of  the  Dunkard  group  were  present  in 
the  Broad  Top  coal  field  of  Huntingdon,  Bedford,  and  Fulton 
Counties,  but  admitted  that  in  the  absence  of  paleontologic  evi- 
dence their  identification  was  not  positive.  Sisler,®  however, 
doubts  the  presence  of  beds  younger  than  the  Conemaugh  in  the 
Broad  Top  coal  fields. 

Since  the  reconnaissance  work  of  the  Second  Geological  survey 
of  Pennsylvania  the  geology  of  somewhat  less  than  half  of  the 
area  has  been  resurveyed  in  the  central  and  western  parts  and 
several  geologic  folios  describing  small  parts  of  the  area  have 
been  published  by  the  United  States  Geological  Survey  and  the 
Pennsylvania  Topographic  and  Geologic  Survey.  The  areal  dis- 
tribution of  the  formations  mapped  by  the  Second  Geological 
survey  and  those  that  have  been  remapped  are  shown  on  plate  1 . 
In  the  present  report  the  stratigraphic  nomenclature  of  the  later 
reports  has  been  followed  wherever  possible.  Regional  descrip- 
tions of  the  formations  and  the  occurrence  of  ground  water  in 
them  are  given  on  pages  82-122.  The  rocks  are  described  in 
ascending  order — the  order  in  which  they  were  deposited.  A 
generalized  section  of  the  geologic  formations  of  central  and 
south-central  Pennsylvania  follows: 

’Gardner,  J.  H.,  The  Broad-Top  coal  field  of  Huntingdon,  Bedford,  and 
F^ulton  Counties:  Pennsylvania  Topog-.  and  Geol.  Survey  Comm.  Kept.  10,  p.  28. 

’Sisler,  J.  D.,  Bituminous  coal  fields  of  Pennsylvania;  Detailed  descriptions 
of  coal  fields:  Pennsylvania  Topog.  and  Geol.  Survey,  4th  ser..  Bull.  M 6 pt  2 
p.  282,  1926. 


General  section  of  the  geologic  formations  of  south-central  Pennsylvania 
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* Equivalent  to  upper  Chazy,  Lowville,  Black  River,  and  lower  Trenton. 
^ Equivalent  to  Carlim  limestone  and  younger  beds  of  Chazy  age 
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(iEOIXXIlC  HISTORY"  * 

PKE-CAMItKIAN  TIME 

No  rocks  of  pre-Cambrian  age  are  exposed  in  this  area,  but 
pre-Cambrian  gneisses,  granites,  and  schists  overlain  by  lavas 
are  exposed  in  the  Piedmont  and  Blue  Ridge  provinces  southeast 
of  the  area  and  form  the  ancient  land  surface  on  which  the  suc- 
ceeding Paleozoic  sediments  were  deposited.  A considerable 
epoch  of  erosion  intervened  between  the  pouring  out  of  the  pre- 
Cambrian  lava  and  the  subsidence  of  the  land  in  Cambrian  time. 

PALEOZOIC  ERA 

Cambrian  period 

The  area  was  beneath  sea  level  in  the  early  part  of  the  Cam- 
brian period  and  into  this  body  of  water  were  discharged  coarse 
sediments  that  formed  strata  of  sandstone,  conglomerate,  and 
shale.  A subsequent  change  of  geographic  or  climatic  conditions 
allowed  the  deposition  of  the  Tomstown  dolomite.  All  these  for- 
mations crop  out  southeast  of  the  area  and  are  believed  to  under- 
lie the  whole  area  beneath  the  oldest  formation  exposed — the 
Waynesboro.  Again  the  conditions  of  land  and  sea  changed,  and 
mud,  sand,  and  fine  gravel  were  again  deposited,  making  the 
rocks  of  the  Waynesboro  formation.  A period  of  widespread 
submergence  followed,  and  great  thicknesses  of  limestones  and 
dolomites  were  deposited,  some  of  which  contain  thin  layers  of 
sandstone.  In  central  Pennsylvania  these  rocks  are  called,  in 
order  of  their  deposition,  the  Pleasant  Hill  and  Warrior  lime- 
stones, the  Gatesburg  formation,  and  the  Mines  dolomite.  South- 
east of  the  area  they  are  known  as  the  Elbrook  and  Conoco- 
cheague  limestones. 

Ordoviviaii  period 

The  Ordovician  period  began  with  widespread  submergence 
and  deposition  of  a thick  series  of  limestone  and  dolomite.  In 
central  Pennsylvania  the  Beekmantown  group  was  deposited, 
comprising  the  Larke  dolomite,  Stonehenge  limestone,  Nittany 
dolomite,  Axemann  limestone,  and  Bellefonte  dolomite.  In  Fulton 
County  the  limestones  of  the  Beekmantown  were  deposited  but 
have  not  been  subdivided. 

In  central  Pennsylvania  emergences  of  the  sea  bottom  followed 
both  the  Mines  and  the  Larke  epochs  in  places,  while  there  was 
continued  deposition  in  adjacent  areas.  Thus  in  Centre  County 
and  northern  Blair  and  Huntingdon  Counties,  the  Mines  dolomite 

‘This  section  has  been  adapted  in  large  part  from  Butts,  Charles,  U.  S. 
Geol.  Survey  Geol.  Atlas,  Ebensburg  folio  (no.  133),  pp.  6,  7,  1905:  Hollidays- 
burg-Huntingdon  folio  (no.  227)  [in  press];  and  Stose,  G.  W.,  U.  S.  Geol.  Survey 
Geol.  Atlas,  Mercersburg-Chambersburg  folio  (no.  170),  pp. 16-17,  1909. 
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is  overlain  unconformably  by  the  Stonehenge  limestone  (Lower 
Ordovician)  followed  by  the  Nittany  dolomite,  the  Larke  dolo- 
mite being  absent;  whereas  in  southern  Blair  and  Huntingdon 
Counties,  the  Larke  is  conformable  on  the  Mines  but  is  overlain 
unconfoniiably  by  the  Nittany,  the  Stonehenge  being  absent. 

At  the  end  of  Beekmantown  time  there  was  an  interval  during 
which  the  whole  area  probably  stood  slightly  above  sea  level  and 
of  which  there  is  no  sedimentary  record. 

During  the  next  submergence  the  Carlim  limestone  in  central 
Pennsylvania  and  the  Stones  River  limestone  in  Fulton  County 
were  deposited. 

After  Carlim  time  the  area  stood  above  sea  level  for  a relatively 
long  period  while  sediments  were  being  deposited  in  many  other 
parts  of  the  United  States.  This  emergence  continued  into  the 
beginning  of  the  Black  River  epoch,  when  widespread  submerg- 
ence again  took  place  and  the  Black  River  group  was  deposited, 
comprising  in  central  Pennsylvania  the  Lowville  and  Rodman 
limestones  and  in  Fulton  County  the  Lowville  and  Chambersburg 
limestones  (in  part).  The  deposition  of  limestone  continued  into 
the  next  epoch  in  central  Pennsylvania,  where  the  Trenton  lime- 
stone was  deposited,  but  in  Fulton  County  the  sediments  were 
terrigenous  rather  than  calcareous  and  formed  the  lower  part 
of  the  Martinsburg  shale  (of  Trenton  age). 

The  deposition  of  the  succeeding  Reedsville  shale  and  the  re- 
mainder of  the  Martinsburg  shale  marked  the  beginning  of  a 
widespread  change  in  land  and  sea  conditions  in  the  Appalachian 
region,  and  the  shallow  sea  received  dominantly  clastic  sediments 
until  Tonoloway  time.  After  Reedsville  time  the  fine  quartz  sand 
of  the  Oswego  sandstone  and  the  sandy  upper  part  of  the  Martins- 
burg shale  were  deposited,  succeeded  by  the  red  sands  and  muds 
of  the  youngest  Ordovician  formation,  the  Juniata.  The  absence 
of  fossils  in  the  Oswego,  Juniata,  and  succeeding  Tuscarora  rocks 
suggests  that  they  were  terrestrial  deposits,  or  perhaps  shore 
deposits. 


Silurian  period 

The  Silurian  period  began  with  the  widespread  deposition  of 
pure  quartz  sand,  forming  the  hard  Tuscarora  quartzite,  which 
makes  up  most  of  the  mountains  in  the  Ridge  and  Valley  province. 
In  southeastern  Pennsylvania  the  absence  of  the  Juniata  and 
Oswego  beneath  the  Tuscarora  indicates  an  emergence  in  that 
area  preceding  the  Silurian. 

The  area  was  again  submerged,  and  the  sands  and  muds  of  the 
Clinton  formation  were  deposited.  The  most  distinguishing  fea- 
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ture  of  the  Clinton  formation  is  the  occurrence  of  beds  of  fossil 
and  oolitic  iron  ore  extending  from  New  York  to  Alabama,  which 
indicates  a remarkable  unifonnity  of  conditions  over  a very 
large  area. 

Clinton  time  appears  to  have  been  followed  in  this  area  by  an 
unrecorded  interval  during  which  the  Lockport  dolomite  was 
deposited  in  New  York  and  Canada,  although  there  is  some  evi- 
dence that  the  McKenzie  formation  may  have  been  laid  down 
here  during  part  of  this  interval.  During  the  next  submergence 
the  Cayuga  group  was  deposited,  comprising  the  McKenzie  form- 
ation, the  Bloomsburg  redbeds,  the  Wills  Creek  shale,  and  the 
Tonoloway  limestone. 

Devonian  period 

The  Devonian  period  began  with  the  deposition  of  the  Helder- 
berg  limestone  in  a rather  small  basin,  followed  by  the  more 
widespread  deposition  of  the  chert,  siliceous  limestone,  and  cal- 
careous sandstone  of  the  Oriskany  group.  In  the  succeeding 
Onondaga  epoch  shale  and  limestone  were  deposited. 

After  Onondaga  time  a thick  series  of  shale  and  some  sand- 
stone and  limestone  were  deposited  in  shallow  water  during  a 
long  period  of  slow  and  constant  subsidence  of  the  sea  floor,  com- 
prising the  Marcellus,  Hamilton,  Tully,  Portage,  and  Chemung 
units.  The  Catskill  facies  of  sedimentation,  commonly  regarded 
as  the  deposition  of  continental  delta  materials  inteiTingering 
with  marine  deposits,  began  in  eastern  New  York  during  Hamil- 
ton time,  and  the  deposition  of  red  shales  and  sandstones  con- 
tinued contemporaneously  with  the  marine  Portage  and  Chemung 
deposition  and  probably  extended  into  early  Mississippian  time, 
rising  in  stratigraphic  position  progessively  westward.  Thus  the 
Catskill  diminishes  in  thickness  from  several  thousand  feet  at 
the  east  to  only  a few  hundred  feet  in  western  Pennsylvania.  In 
south-central  Pennsylvania  the  dominantly  red  beds  above  the 
Portage  or  Chemung  and  below  the  Pocono  are  included  in  the 
Catskill  formation. 


Carboniferous  period 

Mississippian  time. — Mississippian  time  began  with  the  deposi- 
tion of  the  marine  and  nonmarine  sands  of  the  Pocono  formation, 
including  the  nonmarine  (?)  Burgoon  sandstone  member  at  the 
top.  After  an  unrecorded  interval  of  considerable  length,  the 
Loyalhanna  limestone  was  laid  down  in  certain  parts  of  the  area. 
The  Loyalhanna,  consisting  of  extremely  cross-bedded  quartzose 
limestone,  is  thought  to  be  at  least  in  part  a wind-blown  deposit 
of  terrestrial  origin. 
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The  deposition  of  the  prevailing  gray  Pocono  and  Loyalhanna 
was  succeeded  by  another  extensive  deposition  of  red  beds,  locally 
containing  beds  of  limestone.  This  formation  is  known  as  the 
Mauch  Chunk  shale  and  is  contemporaneous  with  marine  lime- 
stones and  shales  in  western  Pennsylvania  and  Ohio.  Although 
the  Mauch  Chunk  is  several  thousand  feet  thick  at  its  type 
locality  in  northeastern  Pennsylvania,  its  thickness  diminishes 
to  less  than  100  feet  in  western  Pennsylvania,  and  in  places  it  is 
absent.  These  facts  indicate  that  most  of  the  area  west  of  the 
Allegheny  Front  was  uplifted  and  the  Mauch  Chunk  was  largely 
eroded  before  the  deposition  of  the  overlying  Pottsville. 

Pennsylvanian  time. — During  Pottsville  time  about  1,000  feet  of 
conglomerate  and  sandstone  containing  many  coal  beds  was  de- 
posited in  eastern  Pennsylvania  and  about  10,000  feet  was  de- 
posited in  Alabama.  While  these  thick  sediments  were  being  laid 
down  elsewhere,  central  and  western  Pennsylvania  stood  well 
above  sea  level  and  were  subjected  to  extensive  erosion  but  near 
the  end  of  Pottsville  time  the  land  submerged  and  the  Connoque- 
nessing  sandstone,  Mercer  shale,  and  Homewood  sandstone  mem- 
bers were  deposited.  In  some  places  west  of  this  area  and  in  the 
northern  part  of  it  the  Mauch  Chunk  and  probably  part  of  the 
Pocono  had  been  completely  eroded  away,  so  that  the  Pottsville 
was  deposited  directly  on  the  Burgoon  sandstone. 

The  succeeding  Allegheny  epoch  was  one  of  rapidly  alternating 
conditions  resulting  in  the  repeated  deposition  of  shale,  sand- 
stone, limestone,  and  coal.  The  Allegheny  formation  contains 
most  of  the  coals  worked  commercially  in  this  area.  It  is  general- 
ly believed  that  these  coals  were  formed  in  fresh-water  marshes 
near  sea  level  and  generally  extended  over  thousands  of  square 
miles.  Plants  of  various  types  grew  luxuriantly  in  these  marshes, 
and  their  remains  accumulated  as  extensive  peat  bogs.  Alternate 
subsidence  below  and  emergence  above  sea  level  were  repeated 
many  times,  so  that  numerous  beds  of  coal  with  their  under  clays 
were  accumulated,  with  intervening  beds  of  shale,  sandstone, 
and  limestone. 

A marked  change  in  the  conditions  of  vegetation  and  sedimen- 
tation followed  Allegheny  time,  and  a thick  series  of  sandstones, 
shales,  and  locally  thin  limestones  composing  the  Conemaugh 
formation  was  laid  down.  Brief  recurrences  of  coal-forming  con- 
ditions occurred  throughout  this  period  of  deposition,  but  the 
coals  thus  formed  are  generally  too  thin  to  be  of  widespread 
commercial  value. 
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The  Conemaugh  epoch  was  succeeded  by  the  deposition  of  the 
Monongahela  foimation,  which  was  marked  by  another  great 
period  of  coal  formation  and  a series  of  events  similar  to  those 
outlined  for  the  Allegheny  formation.  The  Monongahela  forma- 
tion has  been  eroded  from  this  area,  except  for  thin  remnants 
in  Cambria  and  Somerset  Counties  and  perhaps  in  the  Broad 
Top  coal  field. 

Permian  time. — The  Monongahela  epoch  was  succeeded  by  the 
deposition  of  the  shales,  sandstones,  limestones,  and  thin  coals 
of  the  Dunkard  group,  which  have  been  entirely  removed  by 
erosion  from  the  area  covered  by  this  report,  except  possibly 
from  the  higher  parts  of  the  Broad  Top  coal  field,  although  their 
presence  there  appears  to  be  highly  doubtful. 

GEOI-OGIC  STRUCTURE 

The  Dunkard  epoch  ended  sedimentation  in  this  area,  and  an 
uplift  of  the  sea  bottom  followed,  accompanied  by  a period  of 
strong  lateral  deformation  known  as  the  Appalachian  uplift  or 
revolution,  by  which  the  originally  horizontal  sediments  were 
highly  folded  and  somewhat  faulted. 

During  the  Appalachian  uplift  the  flat-lying  Paleozoic  rocks 
from  the  southeastern  border  of  the  area  to  the  Allegheny  Front 
were  subjected  to  extreme  lateral  compression,  but  the  effect  of 
this  deformation  gradually  died  out  west  of  the  Allegheny  Front. 
As  the  compression  increased  the  strata  were  more  intensely 
folded,  and  the  upfolds  or  anticlines  rose  higher  and  steeper  and 
in  some  places  were  overturned  toward  the  northwest.  In  some 
places  the  once  horizontal  beds  now  stand  nearly  vertical  or  are 
actually  overturned.  As  some  of  the  folds  were  overturned,  they 
were  broken  and  one  part  overrode  another,  sometimes  for  con- 
siderable distances.  East  of  the  Allegheny  Front  the  rocks  have 
been  folded  into  numerous  high  anticlines  and  deep  synclines,  with 
the  oldest  formations  exposed  in  the  anticlines  and  the  youngest 
formations  exposed  in  the  synclines.  West  of  the  Allegheny 
Front  the  rocks  have  been  folded  into  low  anticlines  and  synclines 
in  some  places  but  remain  nearly  horizontal  in  other  places.  Sub- 
sequent erosion  has  developed  a relief  closely  accordant  with  the 
occurrences  of  hard  and  soft  rocks,  so  that  the  general  structure 
of  the  area  can  be  recognized  in  the  present-day  topogi’aphy,  as 
shown  in  plate  3 and  in  the  cross  section  in  plate  1. 

After  determining  the  dip  of  the  strata  at  numerous  places 
along  the  Juniata  and  Susquehanna  Rivers,  Chamberlin  ® con- 

* Chamberlin,  R.  T.,  The  Appalachian  folds  of  central  Pennsylvania:  Jour 
Geology,  vol.  18,  p.  236,  1910. 
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eluded  that  81  miles  of  once  horizontal  strata  had  been  compressed 
into  the  present  distance  of  66  miles  between  Harrisburg  and 
Tyrone,  which  gives  a total  crustal  shortening  of  15  miles  be- 
tween these  two  points. 

Space  does  not  permit  a discussion  of  all  the  numerous  folds 
and  faults  in  the  area,  but  some  of  the  major  features  are  men- 
tioned below  and  in  the  county  descriptions  and  the  relation  be- 
tween geologic  structure  and  the  occurrence  of  ground  water  is 
discussed  on  pages  40-41. 

Ridge  and  Valley  province. — The  principal  structural  features  in 
the  Ridge  and  Valley  province  are  a series  of  anticlines  and  syn- 
clines trending  from  about  N.25°E.  in  the  southwestern  part  to 
about  N.75°E.  along  the  Susquehanna  River.  Except  for  the  deep 
Broad  Top  syncline,  high  anticlines  predominate  throughout  most 
of  the  area,  dying  out  gradually  northeastward  toward  the  Sus- 
quehanna River,  east  of  which  the  deep  anthracite  synclines  of 
northeastern  Pennsylvania  begin  to  predominate.  The  deep  Lacka- 
wanna syncline,  enclosing  the  northern  anthracite  field,  is  a 
northeastward  extension  of  the  deep  syncline  which  encloses  the 
Broad  Top  coal  field  at  the  junction  of  Huntingdon,  Bedford,  and 
Fulton  Counties. 

The  largest  of  these  folds  is  the  Nittany  arch,  which  extends 
for  about  150  miles  from  southern  Bedford  County  northeast- 
ward to  the  Susquehanna  River  near  Williamsport  and  attains  a 
width  of  about  35  miles  near  Altoona.  The  sandstones  of  the 
Pocono  and  Pottsville  formations  on  the  northwest  limb  of  this 
large  arch  form  the  Allegheny  Front.  Butts  and  Moore  ® have 
estimated  that  if  the  strata  that  had  been  eroded  from  the  crest 
of  this  arch  in  Nittany  Valley  and  Morrison  Cove  were  restored, 
the  resulting  mountain  would  be  5 miles  high.  The  Nittany  arch 
is  really  a large  anticlinorium  containing  numerous  minor  folds 
and  traversed  by  faults  of  considerable  magnitude.  A view  of  one 
of  the  minor  folds  within  the  Nittany  arch  is  shown  in  plate  7,  A. 

Nearly  all  the  folds  in  this  province  are  asymmetric — that  is, 
the  northwest  limbs  of  the  anticlines  have  steeper  dips  than  the 
southeast  limbs — and  the  principal  faults  of  the  area  dip  south- 
east. The  strata  on  the  northwest  flanks  of  some  of  the  anticlines 
stand  vertical  or  are  overturned. 

There  are  in  the  area  several  characteristic  Appalachian  thrust 
faults,  which  trend  parallel  to  the  strike  of  the  strata,  and  a few 
minor  cross  faults,  which  cut  across  the  strike.  The  thrust  at 
Birmingham  in  Blair  and  Centre  Counties  has  a stratigraphic 


•Butts,  Charles,  and  Moore,  E.  S.,  Geology  and  mineral  resources  of  the 
Bellefonte  quadrangle,  Pennsylvania:  U.  S.  Geol.  Survey  Bull.  856,  p.  80,  1936. 


Plate  6 


A.  Glass-sand  quarry  in  Ridgeley  sandstone  of  the 
Oriskany  group  north  of  Mapleton,  Huntingdon  Coun- 
ty. The  beds  of  pure  white  sandstone  dip  steeply  to- 
ward the  observer. 


B.  Quarry  in  Ordovician  limestone  along  Elk  Run  1 mile  west 
of  Ironville,  Blair  County. 


Plate  7 


A.  Small  faulted  anticline  in  the  Portage  group,  along 
Pine  Creek  about  0.3  mile  north  of  Highway  220,  Ly- 
coming County.  Note  openings  suited  as  conduits  of 
ground  water. 


B.  Observation  well  555,  near  Petersburg,  Huntingdon  County,  showing 
measuring  point  and  steel  tape  and  weight. 
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displacement  of  about  5,000  feet.'^  The  thrust  faults  at  Halter 
Creek,  Williamsburg,  and  Henrietta  traverse  parts  of  Blair  and 
Bedford  Counties,  and  the  stratigraphic  displacement  along  the 
faults  at  Halter  Creek  and  west  of  Henrietta  is  also  about  5,000 
feet.®  About  9,000  feet  of  strata  have  been  cut  out  by  the  thrust 
faults  at  McConnellsburg  and  Little  Scrub  Ridge  in  eastern 
Fulton  County.® 

Appalachian  Plateaus  province. — The  Appalachian  Plateaus 
province  is  limited  on  the  southeast  by  the  northwest  limb  of  the 
Nittany  arch  which  is  succeeded  on  the  northwest  by  a series  of 
synclines,  which  enclose  the  bituminous  coal  basins,  and  inter- 
vening anticlines.  The  synclines  and  many  of  the  anticlines  are 
known  by  different  names  in  the  several  plateau  counties,  but 
there  are  several  rather  pronounced  anticlines  which  extend  for 
long  distances.  The  Chestnut  Ridge  anticline  is  one  of  the 
strongest  folds  of  the  plateaus,  extends  through  Fayette,  West- 
moreland, and  Indiana  Counties,  and  enters  the  area  here  de- 
scribed in  Cleaidield  County.  Another  pronounced  fold  is  the 
Laurel  Hill  anticline,  which  forms  a high  ridge  through  much  of 
its  length.  The  Laurel  Hill  anticline  coincides  with  the  westem 
boundary  of  the  area  in  Somerset  County  and  southern  Cambria 
County.  The  Negro  Mountain  anticline,  in  Somerset  County, 
forms  the  highest  mountain  in  the  State  (see  page  10). 

There  are  relatively  few  faults  in  the  rocks  of  the  Appalachian 
Plateaus  province,  and  these  are  principally  in  southwestern 
Clearfield  County. 


MESOZOIC  AND  CENOZOIC  ERAS 

No  part  of  the  area  described  in  this  report  has  been  beneath 
the  sea  since  Carboniferous  time,  and  its  rocks  have  been  sub- 
jected to  erosion  during  all  of  the  Mesozoic  and  Cenozoic  eras. 
In  adjacent  southeastern  Pennsylvania  narrow  belts  of  land  sank 
with  respect  to  adjacent  blocks  in  late  Triassic  time,  and  red 
sandstone  and  shale  were  deposited  in  these  sinking  troughs. 
Also  during  Triassic  time  molten  basaltic  igneous  rock  intruded 
the  Triassic  and  older  sediments,  and  some  of  these  Triassic  dia- 
base dikes  cut  through  the  Paleozoic  sediments  of  eastern  Perry 
County. 

Most  physiographers  have  held  that  erosion  has  not  progressed 
uniformly  in  the  area  since  the  Appalachian  uplift  but  has  varied 

’Butts,  Charles,  Geology  and  mineral  resources  of  the  Tyrone  quadrangle. 
Pennsylvania : Unpublished  manuscript. 

* Butts,  Charles,  U.  S.  Geol.  Survey  Geol.  Atlas,  Huntingdon-Hollidaysburg 
folio  (no.  227)  [in  press]. 

® Stose,  G.  W.,  IT.  S.  Geol.  Survey  Geol,  Atlas,  Mercersburg-Chambersburg 
folio  (no.  170),  p.  6,  1909. 
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in  intensity  as  the  land  rose,  sank,  or  remained  stationary  with 
respect  to  sea  level.  There  appears  to  have  been  at  least  one  pro- 
longed halt  in  the  general  rise  of  the  land,  during  which  the  land 
surface  was  worn  down  to  a gently  sloping  plain  near  sea  level, 
called  a peneplain.  The  reduced  remnants  of  this  old  surface, 
called  the  Kittatinny  or  Schooley  peneplain,  are  strikingly  re- 
flected in  the  flat,  even  crests  of  the  high  sandstone  ridges  in  the 
Ridge  and  Valley  province,  the  Allegheny  Front,  and  the  highest 
parts  of  the  Appalachian  Plateaus  province.  Although  the  long 
period  of  erosion  that  produced  this  peneplain  was  sufficient  to 
reduce  both  hard  and  soft  rocks  alike  to  a nearly  featureless 
plain,  subsequent  erosion  of  much  shorter  duration  wore  down 
the  softer  rocks  rapidly  but  had  much  less  effect  on  the  hard 
rocks,  which  remain  as  long  even-crested  ridges,  as  shown  in 
plates  3 and  4,  B.  The  major  streams  of  the  area  are  believed  to 
have  taken  their  meandering  courses  on  this  peneplain  and  have 
since  maintained  these  courses  and  cut  the  numerous  water  gaps 
through  high  ridges  of  hard  rock,  while  the  smaller  streams 
eroded  the  softer  rocks  between  the  ridges. 

According  to  most  physiographers,  this  old  peneplain  was 
formed  during  Jurassic  or  possibly  early  Cretaceous  time,  and 
subsequent  uplifts  during  the  Tertiary  have  formed  several 
younger  peneplains  or  partial  peneplains.  For  example,  the 
valley-floor  surface  of  the  broad,  rolling  lowland  of  the  Ridge  and 
Valley  province  is  regarded  as  representing  the  Harrisburg  pene- 
plain, of  early  Tertiary  age,  and  terraces  along  the  major  streams 
are  regarded  as  later  partial  peneplains. 

In  contrast  to  these  views,  Ashley  has  recently  expressed 
the  view  that  the  oldest  peneplain  (Schooley)  may  be  of  late 
Pliocene  age  and  therefore  possibly  only  one  or  two  million  years 
old.  He  concludes  further  (1)  that  the  present  surface  reflects 
but  a single  old  peneplain  “that  has  been  lowered  by  not  less  than 
100  feet  for  the  hardest  rocks,  and  by  several  hundred  feet  for 
the  softer  rocks,  for  each  million  years  since  the  beginning  of 
uplift ; (2)  that,  except  near  the  Atlantic  coast  and  during  recent 
time,  all  the  level  surfaces  and  [restored]  imaginary  surfaces 
touching  the  tops  of  accordant  hills  and  mountains  may  be  ac- 
counted for  by  (a)  local  baseleveling  or  district  baseleveling,  or 
(b)  by  the  stripping  of  flat-lying  or  nearly  flat-lying  hard  rocks, 
or  (c)  as  the  result  of  parallel  lowering  because  of  uniformity  of 
rock  and  structure;  (3)  that,  as  a rule,  subsequent  trenching  has 
been  the  result  of  stream  capture  or  the  undercutting  of  a resis- 

Ashley,  G.  H.,  Studies  In  Appalachian  Mountain  sculpture:  Geol.  Soc. 
American  Bull.,  vol.  46,  p.  1436,  September  .30,  1935. 
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tant  layer  in  the  barrier  arch  or  syncline,  or  of  other  stream 
adjustments  not  associated  with  crustal  movements;  (4)  that 
the  detailed  underlying  geology  must  be  known  and  be  taken  into 
account  if  reliable  conclusions  about  physiographic  history  are  to 
be  drawn;  and  (5)  that  most  physiographic  features  are  much 
younger  than  most  physiographers  have  assumedd^ 

In  the  Pleistocene  epoch  northern  Pennsylvania  was  covered 
several  times  by  great  ice  sheets  from  the  north,  some  of  which 
reached  the  northeastern  part  of  the  area  here  described,  where 
glacial  deposits  occur,  but  the  rest  of  the  area  was  not  covered 
by  the  ice.  However,  the  swollen  streams  that  issued  from  the 
retreating  glaciers  carried  gravel,  sand,  and  silt  southward  into 
part  of  the  area. 

In  the  Recent  epoch  down-cutting  of  the  streams  has  continued, 
the  sculpturing  of  the  area  has  brought  it  to  its  present  topo- 
graphic form,  and  deposits  of  alluvium  have  been  laid  down 
along  some  of  the  streams. 

GROUND  WATER 

.SOURCE 

Ground  water,  or  underground  water,  is  the  water  that  issues 
from  springs  or  can  be  pumped  from  wells.  The  ground  water 
of  central  and  south-central  Pennsylvania  is  derived  almost  en- 
tirely from  precipitation  in  the  form  of  rain  or  snow.  Part  of 
the  water  that  falls  as  rain  or  snow  is  carried  away  directly  to 
the  ocean  by  the  streams;  part  of  it  percolates  downward  into 
the  rocks  until  it  reaches  the  water  table,  where  it  joins  the  body 
of  ground  water  known  as  the  zone  of  saturation ; and  part  of  it 
evaporates  or  is  absorbed  and  transpired  by  the  vegetation  before 
it  reaches  the  water  table. 

The  ground  water  percolates  slowly  through  the  rocks  in  direc- 
tions determined  by  the  topography  and  geologic  structure,  until 
eventually  it  is  discharged  through  wells  or  springs;  seeps  into 
the  streams ; or  is  lost  by  evaporation  and  transpiration  in  low- 
lands bordering  the  streams.  In  some  parts  of  the  United  States 
the  water  obtained  from  wells  has  traveled  many  miles  from  the 
area  of  intake,  but  in  central  and  south-central  Pennsylvania  the 
water  obtained  from  shallow  wells  and  springs  is  generally  de- 
rived from  precipitation  in  the  immediate  vicinity,  and  the  water 
obtained  from  the  deeper  wells  is  derived  from  precipitation  in 
the  general  vicinity — usually  within  the  same  or  an  adjacent 
county. 


"Idem,  p.  1398. 


32 


GROUND  WATER 


In  addition  to  water  derived  from  precipitation  (meteoric 
water)  some  of  the  rocks  still  contain  some  sea  water  which  was 
entrapped  in  them  at  the  time  of  their  deposition  (connate 
water).  Saline  water  of  this  type  is  encountered  in  a few  deep 
wells  in  parts  of  the  Appalachian  Plateaus  province. 

Many  of  the  residents  of  this  area  mistakenly  attribute  the 
source  of  the  water  in  their  springs  or  wells  to  far  distant  lakes 
or  rivers.  For  example,  in  Nittany  Valley,  Centre  County,  some 
of  the  residents  believe  that  the  water  discharged  by  the  large 
limestone  springs  comes  from  Lake  Erie,  Lake  Cayuga,  or  some 
other  lake  in  New  York  State.  It  should  be  emphasized  however, 
that  there  are  many  thousands  of  feet  of  impervious  strata  be- 
tween Nittany  Valley  and  New  York  State,  and  that  the  surface 
of  Nittany  Valley,  which  is  800  to  1,300  feet  above  sea  level  in 
most  places,  stands  at  a considerably  higher  altitude  than  the 
surface  of  any  of  these  lakes.  Other  residents  of  the  area  believe 
that  the  ground  water  comes  from  nearby  streams.  This  is  partly 
true  in  the  valleys  underlain  by  limestone,  where  numerous  small 
streams  enter  the  ground  through  sink  holes,  but  in  humid  areas 
the  streams  generally  do  not  lose  water  into  the  ground  and  al- 
most invariably  receive  water  from  the  ground. 

Some  of  the  residents  of  the  area  do  not  believe  that  the 
amount  of  water  falling  as  rain  or  snow  is  sufficient  to  supply 
the  large  underground  reservoirs.  However,  1 inch  of  water 
falling  on  1 square  mile  amounts  to  more  than  15,000,000  gallons, 
and  the  average  precipitation  in  the  area  is  about  40  inches,  or 
approximately  600,000,000  gallons  to  the  square  mile.  Part  of  this 
water  reaches  the  underground  reservoirs,  as  described  above. 
The  relation  between  the  water  level  in  wells  and  the  precipita- 
tion is  described  on  pages  35-40. 

OOOURBENCE 
STORAGE  AND  MOVEMENT 

The  rocks  forming  the  outer  crust  of  the  earth  are  generally 
not  entirely  solid  but  contain  numerous  openings,  called  voids  or 
interstices,  which  may  contain  either  liquid  or  gas,  such  as  water, 
oil,  natural  gas,  or  air.  There  are  many  kinds  of  rocks,  and  they 
differ  in  the  number,  size,  shape,  and  arrangement  of  their  inter- 
stices and  hence  in  the  amount  of  water  they  are  able  to  hold. 
The  occurrence  of  ground  water  in  any  region  is  therefore  de- 
termined by  the  geology. 

” For  detailed  treatment  of  the  occurrence  of  ground  water,  see  Meinzer, 
O.  E.,  The  occurrence  of  ground  water  in  the  United  States,  with  a discussion 
of  principles:  U.  S.  Geol.  Survey  Water-Supply  Paper  489,  321  pp.,  110  figs.. 
31  pis.,  1923. 
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The  voids  or  interstices  in  rocks  range  in  size  from  micro- 
scopic openings  to  the  large  caverns  found  in  limestone  regions 
and  may  be  classified  according  to  their  origin  into  primary  and 
secondary  interstices,  according  to  whether  the  interstices  were 
formed  contemporaneously  with  the  formation  of  the  rock  or  by 
processes  that  affected  the  rock  after  it  was  formed.  In  this  area 
the  water-bearing  rocks  are  all  of  sedimentary  origin,  and  the 
openings  that  contain  water  are  the  pore  spaces  between  the 
grains  of  the  rocks;  the  joints,  crevices  and  open  bedding  planes 
that  have  resulted  from  fracturing  of  the  rocks ; and  channels  or 
caverns  in  limestone  and  dolomite,  which  have  resulted  from  the 
solution  and  corrosion  of  the  rocks  by  water  moving  along  the 
joints  or  bedding  planes.  The  last  two  kinds  of  openings  are  the 
most  important  conduits  of  ground  water  in  central  and  south- 
central  Pennsylvania. 

The  amount  of  water  that  can  be  stored  in  any  rock  depends 
on  the  porosity  of  the  rock,  commonly  expressed  as  the  percent- 
age of  the  total  volume  of  the  rock  that  is  occupied  by  interstices. 
A rock  is  said  to  be  saturated  when  all  its  interstices  are  filled 
with  water.  Several  types  of  rock  interstices  and  the  relation  of 
rock  texture  to  porosity  are  shown  in  figure  3. 


Figure  3.  Diagram  showing  several  types  of  rock  interstices  and  the  relation 
of  rock  texture  to  porosity.  A,  Well-sorted  sedimentary  deposit  having  a 
high  porosity;  li,  poorly  sorted  sedimentary  deposit  having  a low  porosity: 
C,  well-sorted  sedimentary  deposit  consisting  of  pehbles  that  are  them- 
selves porous,  so  that  the  deposit  as  a whole  has  a very  high  porosity;  D. 
well-sorted  sedimentary  deposit  whose  porosity  has  been  diminished  by 
the  deposition  of  mineral  matter  in  the  interstices;  E,  rook  rendered  poroii.s 
by  solution;  F,  rock  rendered  porous  by  fracturing.  (After  Meinzer.) 

Porosity  alone  determines  only  how  much  water  a given  rock 
can  hold,  not  how  much  it  may  yield  to  wells.  The  permeability 
of  a rock  may  be  defined  as  its  capacity  for  transmitting  water 
under  the  force  of  gravity  and  is  measured  by  the  rate  at  which 
it  will  transmit  water  through  a given  cross  section  under  a given 
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difference  of  pressure  per  unit  of  distance.  A bed  of  silt  or  clay 
may  have  as  high  a porosity  as  a bed  of  coarse  sand,  but  because 
of  the  small  size  of  its  interstices  it  may  require  the  application 
of  great  pressure  to  transmit  water,  and  hence,  under  the  incom- 
petent force  of  gravity,  it  may  be  entirely  impermeable.  More- 
over, not  all  the  water  in  a saturated  rock  is  available  to  wells, 
because  part  of  the  water  is  held  against  the  force  of  gravity  by 
molecular  attraction.  In  a fine-grained  rock  the  molecular  attrac- 
tion is  very  great  and  only  a small  part  of  the  water  can  be 
drained  out  by  the  force  of  gravity,  whereas  in  a coarse  sand  or 
gravel  having  the  same  porosity  only  a small  part  is  retained  by 
molecular  attraction  and  the  remainder  becomes  available  to  wells. 
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i'is’iirc  4.  Diiig-riim  sliowins  <livisi«m.s  «f  subsurface  water.  (After  Meinzer.) 
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The  permeable  rocks  that  lie  below  a certain  level  in  this  area 
are  generally  saturated  with  water.  These  saturated  rocks  are 
said  to  be  in  the  zone  of  saturation,  and  the  upper  surface  of  the 
zone  of  saturation  is  called  the  water  table.  The  relation  of  the 
zone  of  saturation  to  the  zone  of  aeration  is  shown  in  figure  4. 
The  water  that  falls  on  the  soil  is  slowly  drawn  down  by  gravity 
through  the  zone  of  aeration  to  the  zone  of  saturation,  except 
that  which  is  retained  by  molecular  attraction.  In  fine-grained 
materials,  owing  to  capillarity,  the  earth  is  always  moist  several 
feet  above  the  water  table,  and  this  moist  belt  is  called  the  capil- 
lary fringe.  The  water  retained  in  the  capillary  fringe  is  not 
available  to  wells,  which  must  be  sunk  to  the  water  table  before 
water  enters  them. 

Perched  water 

Where  permeable  rock  is  homogeneous  down  to  a considerable 
depth  there  is  only  one  zone  of  saturation,  but  in  some  localities 
the  water  may  be  hindered  in  its  downward  course  by  a relatively 
impermeable  bed  and  form  an  upper  zone  of  saturation  known  as 
a perched  water  body.  Bodies  of  perched  water  occur  in  some 
parts  of  the  area.  Well  57,  in  Clearfield  County,  encounters  the 
water  table  beneath  a hillside  in  shale  at  a depth  of  about  30  feet, 
whereas  in  several  shallow  dug  wells  nearby  a perched  water 
table  stands  within  a few  feet  of  the  surface.  Bodies  of  perched 
water  doubtless  occur  locally  in  the  thick  blanket  of  soil  and 
residual  clay  that  overlies  the  rock  in  the  limestone  valleys. 

Relation  to  topoRrapliy 

In  central  and  south-central  Pennsylvania  some  of  the  water 
from  the  rain  and  snow  commonly  percolates  to  the  water  table 
throughout  the  interstream  areas.  Hence  the  water  table  is  an 
undulating  surface,  which  generally  stands  higher  beneath  the 
upland  areas  than  beneath  the  adjacent  valley  areas  and  which 
slopes  gradually  down  to  the  level  of  the  streams.  As  the  ground 
water  is  under  hydrostatic  pressure,  the  movement  is  toward  the 
streams,  so  that  except  at  flood  stages  the  streams  are  commonly 
gaining  water  from  the  zone  of  saturation.  A depression  in  the 
land  surface  that  intersects  the  water  table  may  produce  springs 
of  the  type  known  as  depression  springs.  Other  types  of  springs 
common  in  the  area  are  discussed  on  page 

Fluctuations 

There  is  a relation  between  the  amount  of  water  falling  as  rain 
or  snow  and  the  level  at  which  the  water  stands  in  wells,  but  this 
relation  is  complicated  by  several  factors.  Other  things  being 
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equal,  the  greater  the  precipitation  for  a given  period  the  greater 
the  rise  in  the  water  level.  However,  after  a prolonged  dry  spell 
the  moisture  contained  in  the  soil  becomes  depleted,  and  when 
rain  occurs  it  must  first  replenish  the  soil  moisture  before  the 
water  can  percolate  down  to  the  water  table.  The  temperature 
also  has  an  influence,  for  rain  that  falls  on  frozen  ground  is 
hindered  appreciably  from  reaching  the  water  table,  and  part  of 
the  water  that  falls  during  the  hot  summer  is  evaporated  directly 
into  the  air.  With  the  coming  of  spring  the  vegetation  begins 
to  make  heavy  demands  on  the  soil  moisture,  and  in  some  places 
where  the  tree  roots  extend  down  to  the  water  table  the  trees 
draw  water  directly  from  the  zone  of  saturation.  Thus,  although 
the  rainfall  is  greater  during  the  summer,  the  water  table  gener- 
ally declines  because  of  the  heavy  consumption  of  water  by  vege- 
tation. When  the  first  killing  frost  occurs  in  the  fall,  the  con- 
sumption of  water  by  vegetation  nearly  ceases,  and  even  though 
there  may  be  no  appreciable  precipitation,  the  water  level  in  wells 
on  lowlands  may  rise  somewhat,  and  small  springs  may  increase 
in  flow.  During  the  winter,  at  times  when  the  ground  is  not 
frozen,  the  precipitation  can  percolate  downward  with  little  loss 
from  evaporation  and  transpiration,  and  after  the  soil  moisture 
has  been  replenished  a moderate  amount  of  precipitation  may 
cause  an  appreciable  rise  in  the  water  table.  The  fluctuations  of 
the  water  table  are  also  dependent  upon  other  factors,  including 
the  type  of  water-bearing  material,  the  topography,  and  the 
depth  to  water.  There  is  also  a relation  between  the  height  of 
the  water  table  and  the  flow  of  the  streams,  which  is  chiefly 
supplied  by  ground  water  except  at  times  when  there  is  direct 
run-off  from  rain  or  melting  snow. 

In  the  fall  of  1931  a project  was  begun  for  obtaining  system- 
atic weekly  records  of  ground-water  levels  in  Pennsylvania,  in 
cooperation  between  the  United  States  Geological  Survey  and 
the  Pennsylvania  Topographic  and  Geologic  Survey.^^  The  com- 
plete records  for  all  wells  that  were  being  observed  at  the  end 
of  1936,  including  9 observation  wells  in  the  area  covered  by  the 
present  report,  together  with  the  average  weekly  water  levels 
for  all  observation  wells  in  Pennsylvania,  have  recently  been 
published,^^  and  future  well  records  will  be  published  in  similar 
annual  reports.  Four  other  observation  wells  in  the  area  were 
measured  for  several  years,  but  the  measurements  have  been  dis- 
continued. 

’’Water  levels  and  artesian  pressure  in  observation  wells  in  the  United 
States  In  1935:  U.  S.  Geol.  Survey  Water-Supply  Paper  777,  pp.  161-169.  1936. 

“Water  levels  and  artesian  pressure  in  observation,  wells  in  the  United 
States  in  1936:  U.  S.  Geol.  Survey  Water-Supply  Paper  817,  pp.  260-301,  1937. 


Plate  8 


A.  Well  822,  at  Newport,  Perry  County. 


B.  Well  938,  at  Saxton,  Bedford  County. 

OBSERVATION  WELLS  EQUIPPED  WITH  KINNISON  FLOAT  GAGES 
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Monthly  precipitation  at  Huntingdon 
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The  location,  period  of  record,  and  publication  numbers  for 
all  observation  wells  in  this  area  are  listed  in  the  following  table. 


Observation  zoclls  in  south-central  Pennsylvania 


County 

Well  no. 
in  this 
report 

Well  no. 
in  Water- 
Supply 
Paper  817 

Period  of  record 

Ueiiiarks 

985 

Xov.  1931  to  Oct.  1934 

Do 

938 

45 

Nov.  1931  to  present  tiii.e^.  . . 

See  plates  8,  9. 

1C6 

38 

Du 

32 

Do 

77 

111 

Aug.  1930  to  present  time .... 

Do 

discontinued. 

Huntingdon  .... 

555 

50 

Nov.  1931  to  present  time.  . . . 

See  plates  7,  9. 

Do 

508 

49 

Du 

Du 

599 

47 

Du 

Du. 

Perry 

782 

110 

July  1930  to  present  time 

Do 

discontinued. 

Du 

822 

61 

Nov.  1931  to  present  time.  . . . 

See  plate  8. 

Somerset 

901 

10 

Du 

‘ June  1937  and  thereafter. 


Most  of  these  are  unused  shallow  dug  wells,  but  nos.  77  and 
599  are  unused  drilled  wells.  The  depths  to  water  level  in  these 
wells  are  measured  weekly  to  the  nearest  hundredth  of  a foot 
by  local  observers.  Most  of  them  are  measured  by  lowering  into 
the  well  a steel  tape  with  a weight  attached  as  shown  in  plate 
7,  B,  but  some  are  equipped  with  direct-reading  float  gages,  as 
shown  in  plate  8. 

The  fluctuations  of  the  water  table  in  four  observation  wells 
in  Huntingdon  and  Bedford  Counties  and  the  precipitation  at 
Huntingdon  are  shown  in  plate  9.  In  wells  555  and  568  the  maxi- 
mum height  to  which  the  water  may  rise  appears  to  be  limited — 
in  well  555  by  the  ground  surface  and  in  well  568  by  a natural 
escape  through  an  old  excavation  at  a depth  of  about  6 feet.  In 
contrast,  in  wells  599  and  938  the  water  table  stands  farther 
below  the  ground  surface,  and  its  maximum  rise  does  not  appear 
to  be  likewise  limited. 

As  shown  in  plate  9,  the  water  levels  generally  stand  highest 
in  March  or  April,  at  the  period  of  maximum  winter  recharge. 
The  lowest  water  levels  are  generally  reached  near  the  end  of 
the  growing  season,  ir  September  or  October,  although  some- 
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times  the  water  levels  continue  to  decline  as  late  as  November 
or  December,  as  in  well  568  in  1933  and  1935. 

The  normal  summer  declines  in  1933  and  1934  were  arrested 
by  abnomially  heavy  rains  in  August  1933  and  September  1934, 
and  hence  the  lowest  water  levels  reached  in  those  years  were 
considerably  higher  than  the  minima  for  the  other  years  of 
record. 

The  combination  of  weather  conditions  that  produced  the 
record-breaking  floods  of  March  1936  raised  the  ground-water 
levels  on  March  21  in  most  of  the  observation  wells  to  the  highest 
stage  reached  during  the  51/2  years  of  record.  This  is  illustrated 
in  plate  9 by  the  high  stages  reached  in  wells  938  and  599  on 
March  21.  The  water  levels  in  wells  555  and  568  could  rise  no 
higher  in  1936  than  in  other  years,  for  the  reasons  stated  above. 

The  first  part  of  January  1936  was  relatively  mild  and  had 
several  rains  that  produced  slight  rises  in  the  water  table.  During 
the  later  part  of  January  and  most  of  February  the  weather  was 
characterized  by  unusually  heavy  snowfall  and  unusually  low 
temperatures,  hence  there  was  little  or  no  ground-water  recharge 
during  this  period.  A general  thaw  began  about  February  25 
and  continued  to  the  beginning  of  the  flood  period  in  March. 
The  melting  of  part  of  the  snow  and  frost  apparently  released 
considerable  water  downward  to  the  water  table,  producing  con- 
siderable ground-water  recharge  by  March  1,  when  the  ground- 
water  levels  were  still  rising  rapidly.  This  rapid  rise  indicates 
that  there  probably  was  considerable  water  in  transit  within 
the  zone  of  aeration,  though  not  enough  to  produce  complete 
saturation.  The  additional  water  derived  from  the  heavy  rains 
that  produced  the  floods  appears  to  have  been  sufficient  to  com- 
plete the  saturation  of  a considerable  part  of  the  zone  of  aera- 
tion, which  greatly  accelerated  the  rise  of  the  water  table.  Thus 
a large  part  of  the  recharge  at  the  time  of  the  floods  appears  to 
have  come  from  the  water  which  was  already  in  the  zone  of 
aeration  and  which  was  derived  from  the  snow  that  fell  some 
time  before  the  floods. 

The  heavy  precipitation  at  the  time  of  the  great  Ohio  River 
flood  also  produced  abnormally  high  ground-water  levels  in  the 
latter  part  of  January  1937.  The  highest  stages  reached  in  this 

'’The  floods  of  March,  1936,  part  2,  The  Hudson  River  to  Susquehanna 
River  region:  U.  S.  Geol.  Survey  Water-Supply  Paper  799,  380  pp.,  49  figs.,  1937. 
The  floods  of  March  1936,  part  3,  The  Potomac,  James,  and  upper  Ohio  Rivers: 
U.  S.  Geol.  Survey  Water-Supply  Paper  800,  346  pp.,  67  figs.,  1937.  The  floods 
of  March  1936  in  Pennsylvania:  Commonwealth  of  Penna.,  Dept,  of  Forests  and 
Waters,  123  pp.,  4 pis.,  31  figs..  Sept.  19,  1936. 
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area  in  1937,  however,  were  reached  about  May  1,  as  a result 
of  heavy  rains  in  April. 

Despite  the  exceptionally  high  stage  in  March  1936,  the  water 
levels  in  most  wells  declined  persistently  during  the  spring  and 
summer  of  that  year,  until  by  the  later  part  of  September  the 
lowest  average  stage  was  reached  since  1932.  This  great  decline 
from  the  highest  stage  nearly  to  the  lowest  of  record  resulted 
from  the  fact  that  from  April  to  September  the  precipitation 
was  too  light  to  produce  any  appreciable  recharge  except  a small 
amount  in  August.  In  material  of  rather  low  specific  yield,  such 
as  comprises  most  of  central  and  south-central  Pennsylvania,  the 
water  table  may  decline  rapidly  unless  there  is  frequent  recharge 
from  rainfall. 

The  water  flowing  in  the  streams  during  periods  of  dry 
weather  is  practically  all  ground  water  that  has  escaped  from 
springs  or  seeps;  hence  as  the  ground-water  levels  in  wells  de- 
cline during  the  summer,  so  also  does  the  stream  flow  decline. 
Thus  the  flow  of  the  streams  in  this  area  reached  very  low  stages 
during  the  summer  and  fall  of  1936,  and  the  low  ground-water 
levels  and  stream  flow  reached  by  fall  were  in  part  the  result  of 
conditions  that  existed  prior  to  May  15  and  were  in  a measure 
forecast  by  the  ground-water  levels  on  that  date. 

As  the  water  discharged  by  springs  in  the  area  represents  water 
that  escapes  from  the  zone  of  saturation,  the  discharge  of  springs 
also  fluctuates  in  response  to  precipitation  and  other  factors. 
Some  residents  of  the  large  limestone  valleys  in  the  area  where 
large  springs  occur  believe  that  the  discharge  of  such  springs  is 


Figure  6.  Discharge  of  Thompson  Spring  (no.  165)  at  State  College,  Centre 
County,  during  23-hour  period  from  8 a.  m.  April  19  to  7 a.  m.  April  20, 
1033.  Rain  amounting  to  0.97  inch  fell  between  3:15  p.  m.  April  19  and 
2:30  a.  m,  April  20.  Note  continued  Increase  in  discharge  after  rain  stopped. 
Measurements  made  by  Ralph  R.  Cleland,  sanitary  engineer.  Department  of 
Grounds  and  Buildings,  PennsylTania  State  College.  (See  pi.  10.) 
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absolutely  constant,  but  if  these  springs  were  observed  carefully 
throughout  the  year  it  would  be  found  that  the  discharge  is  not 
constant  and  in  nearly  all  springs  varies  considerably  from  winter 
to  summer.  The  discharge  of  Thompson  Spring  (no.  165),  owned 
by  the  Pennsylvania  State  College,  at  State  College,  Centre 
County,  was  measured  over  a period  of  about  21/0  years  by  Ralph 
R.  Cleland,  sanitary  engineer,  of  the  Department  of  Grounds  and 
Buildings,  and  these  measurements  together  with  the  local  daily 
precipitation  are  shown  graphically  in  plate  10.  Hourly  measure- 
ments of  the  discharge  during  and  after  a single  rainstorm  are 
shown  graphically  in  figure  5. 

RELATION  TO  GEOLOGIC  STRUCTLRE 

In  many  of  the  rock  formations  in  central  and  south-central 
Pennsylvania  strata  of  permeable  rock,  such  as  fractured  sand- 
stone, alternate  with  less  permeable  beds,  such  as  shales.  In 
places  where  strata  are  tilted,  water  falling  on  the  outcrop  area 
of  a permeable  stratum  moves  down  the  dip  between  the  confin- 
ing layers  of  impermeable  material  and  saturates  the  permeable 
stratum  nearly  to  the  surface.  Under  these  conditions  wells 
drilled  to  the  water-bearing  beds  may  encounter  water  which  is 
under  artesian  pressure — that  is,  water  which  rises  above  the 
local  water  table.  If  the  water  rises  high  enough  to  flow  at  the 
surface  the  well  is  a flowing  artesian  well.  The  chief  requisite 
conditions  for  artesian  wells  are  shown  in  Figure  6. 


Figure  6.  l<lcal  section  iiiustrating  chief  requisite  condition  for  artesian  weiis. 
A,  Permeabie  beci;  li,  C,  impermeabie  beds  beiow  and  above  A;  D,  E,  flow- 
ing weiis  from  i>ed  A;  F,  height  of  water  ievei  in  permeabie  bed  A.  (After 
Chamberlin.) 


Structural  features  for  artesian  conditions  in  this  area  are 
synclinal  basins  (fig.  6),  in  which  the  strata  on  all  sides  dip  to- 
ward a common  axis  or  center,  and  the  flanks  of  anticlines,  where 
the  strata  dip  away  from  the  anticlinal  axis.  Forty-six  wells  that 
flow  all  or  part  of  the  year  were  observed  or  reported  in  the  area, 
as  shown  on  plate  2.  Although  structure  favorable  for  flowing 
wells  occurs  in  both  the  Ridge  and  Valley  and  the  Appalachian 
Plateaus  provinces,  flowing  wells  are  more  numerous  and  have 
greater  yields  on  the  plateaus  than  in  most  parts  of  the  Ridge 
and  Valley  province.  Perhaps  the  greater  deformation  to  which 
the  rocks  of  the  Ridge  and  Valley  province  have  been  subjected 
has  ruptured  the  confining  beds  in  most  places,  so  that  any  water 
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that  normally  would  be  held  under  pressure  beneath  them  escapes 
upward  to  the  water  table. 

Wells  1 and  31,  in  Clearfield  County,  and  well  97,  in  Centre 
County,  were  observed  to  flow  about  40  gallons  a minute  during 
the  summer  of  1934,  and  well  925,  in  Somerset  County,  has  a 
reported  flow  of  about  the  same  amount.  Most  of  the  other  flow- 
ing wells  flow  at  rates  ranging  from  less  than  1 gallon  to  about 
15  gallons  a minute.  In  most  of  these  wells  the  water  if  confined 
would  rise  only  1 or  2 feet  above  the  ground  surface,  but  wells 
31  and  429  have  reported  static  water  levels  of  10  and  15  feet 
respectively  above  the  ground  surface.  Some  of  the  wells  flow 
continuously,  but  generally  have  larger  flows  during  the  winter 
and  spring.  Others  flow  only  during  the  winter  and  spring.  Well 
232,  in  Clinton  County,  is  a flowing  well  that  obtains  its  water 
from  gravel  confined  beneath  clay,  but  all  the  other  flowing  wells 
described  are  in  consolidated  rocks. 

Many  of  the  nonflowing  wells  are  artesian  in  that  the  water 
level  stands  above  the  local  water  table,  and  in  many  of  the  non- 
artesian  wells  the  water  rises  above  the  point  at  which  it  was 
encountered  by  the  drill. 

The  occurrences  of  flowing  wells  and  locations  of  areas  where 
such  wells  might  be  expected  are  given  in  the  county  descriptions. 

WATER  IN  UNCONSOI.IDATED  DEPOSITS 

Gravel  and  sand  are  among  the  most  productive  water-bearing 
materials.  In  the  northern  part  of  the  area  a few  valleys  are 
underlain  by  rather  thick  deposits  of  clay,  sand,  and  gravel,  and 
thinner  and  less  extensive  deposits  of  these  materials  occur  along 
the  Susquehanna  River  at  the  eastern  border  of  the  area  and 
locally  along  the  Juniata  River.  The  location,  age,  character,  and 
thickness  of  these  deposits  are  given  on  pages  119-122. 

Most  of  the  clay,  sand,  and  gravel  was  laid  down  in  the  valleys 
by  fluctuating  streams  as  alluvium  or,  at  the  north,  as  glacial 
outwash,  but  in  a few  places  lake  deposits  and  glacial  drift  occur. 
At  one  time  a stream  may  deposit  clean,  coarse  gravel  and  short- 
ly afterward  only  sand,  silt,  or  clay,  some  of  which  may  fill  the 
interstices  of  the  gravel.  Some  of  the  heavily  burdened  glacial 
streams  deposited  mixtures  of  clay,  sand,  and  gravel,  so  that  the 
spaces  between  pebbles  were  filled  with  finer  materials,  which 
greatly  reduced  the  porosity.  As  the  streams  agraded  their 
valleys  they  probably  migrated  from  side  to  side  across  the 
valleys  so  that  at  any  one  locality  well-assorted  sand  or  gravel 
alternates  with  finer,  less  permeable  materials.  Thus  the  uncon- 
solidated deposits  in  the  area  consist  largely  of  layers  of  fine 
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particles  of  low  permeability  that  enclose  pipes  and  discontinuous 
sheets  of  permeable  gravel  or  sand,  which  serve  as  arteries  of 
ground  water.  The  development  of  ground  water  in  these  de- 
posits therefore  depends  upon  encountering  one  or  more  of  these 
gravel  or  sand  layers.  Where  coarse  and  fine  materials  occur 
together,  the  yield  of  a well  can  be  materially  increased  by  re- 
moving the  fine  particles  from  the  vicinity  of  the  well,  as  de- 
scribed on  page  58. 

As  the  thickest  and  most  extensive  unconsolidated  deposits  of 
the  area  have  not  been  developed  beyond  the  needs  of  domestic 
consumption,  their  maximum  water-yielding  capacity  can  only  be 
estimated.  A dug  well  (no.  216,  Clinton  County)  18  feet  deep 
that  ends  in  gravel  yields  150  gallons  a minute  and  was  reported 
to  yield  1,000  gallons  a minute  on  a test  for  4 hours,  but  the 
draw-down  at  this  pumping  rate  is  not  known.  Over  most  of  the 
area  the  unconsolidated  deposits  are  probably  not  capable  of 
yielding  large  supplies  of  water,  but  in  a few  places,  described  on 
page  121,  as  much  as  1,000  gallons  a minute  might  be  obtained 
from  properly  constructed  drilled  wells  using  screens. 

WATER  IN  SANDSTONE,  CONGl.OMER ATE,  AND  aUARTZITE 

Beds  of  sandstone  are  numerous  in  most  of  the  rock  forma- 
tions of  central  and  south-central  Pennsylvania;  beds  of  con- 
glomerate and  quartzite  are  less  common.  The  numerous  Car- 
boniferous sandstones  are  the  most  productive  water-bearing 
rocks  in  that  part  of  the  area  lying  in  the  Appalachian  Plateaus 
province,  and  among  them  those  of  the  Pottsville  formation  are 
probably  the  most  productive.  In  the  Ridge  and  Valley  province 
the  most  productive  water-bearing  sandstones  occur  principally 
in  the  Clinton,  Oriskany,  Hamilton,  Chemung,  Catskill,  and 
Pocono  rock  units,  but  sandstones  of  less  yield  occur  also  in  the 
Gatesburg,  Oswego,  Juniata,  Tuscarora,  and  Portage  units.  The 
Ridgeley  sandstone  of  the  Oriskany  group  is  probably  the  most 
productive  sandstone  in  the  Ridge  and  Valley  province  and  ranks 
second  only  to  the  limestones  and  dolomites. 

The  size  of  grain,  degree  of  assortment,  amount  and  character 
of  cementation,  and  amount  of  jointing  are  the  principal  factors 
that  determine  the  water-bearing  properties  of  a sandstone  or 
conglomerate,  and  jointing  is  the  most  important  factor  in  a 
quartzite.  All  the  quartzites  and  with  few  exceptions  all  the  con- 
glomerates and  sandstones  appear  to  be  firmly  cemented,  so  that 
in  general  their  porosities  are  probably  rather  low.  Those 
cemented  with  silica  (SiOa)  or  iron  oxide  (FejOa)  generally  re- 
tain most  of  their  cementing  material  even  in  weathered  out- 
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crops,  but  those  cemented  with  calcium  carbonate  (CaCOg),  such 
as  the  Ridgeley  sandstone,  may  lose  all  or  much  of  their  cement- 
ing material  down  to  appreciable  depths  through  leaching  by 
vadose  or  ground  water,  leaving  loose,  poorly  consolidated  sand. 
Joints  in  sandstone  of  this  type  may  be  enlarged  by  solution 
similar  to  those  in  limestone.  (See  “Water  in  limestone  and  dolo- 
mite,” page  46.) 

The  porosity  of  two  samples  of  sandstone  collected  from  the 
area  and  the  coefficient  of  permeability  of  one  of  these  samples 
were  determined  in  the  hydrologic  laboratory  of  the  United  States 
Geological  Survey  by  V.  C.  Fishel.  A firmly  cemented,  un- 
weathered sample  of  the  Homewood  sandstone  member  of  the 
Pottsville  formation,  obtained  from  the  Roaring  Run  quarry,  near 
Curwensville,  Clearfield  County,  had  a porosity  of  only  11.5  per- 
cent and  a coefficient  of  permeability  of  only  4.  A loosely 
cemented,  partly  leached  sample  of  the  Ridgeley  sandstone  of  the 
Oriskany  group  obtained  from  the  Mapleton  quarry,  near  Maple- 
ton,  Huntingdon  County  (shown  in  pi.  6,  A),  had  a porosity  of 
only  7.5  percent,  and  its  coefficient  of  permeability  was  undeter- 
minable owing  to  its  loose,  crumbly  nature  but  was  thought  to  be 
low.  As  these  samples  are  rather  typical  of  the  sandstones  that 
occur  in  the  area,  it  is  apparent  that  the  fairly  large  quantities  of 
water  yielded  by  there  rocks  are  derived  principally  from  joints 
and  fractures  along  bedding  planes  rather  than  from  their  pore 
spaces. 

Although  the  cementing  material  greatly  reduces  the  porosity, 
it  makes  the  rock  hard  and  brittle,  so  that  numerous  joints  may 
devolop,  especially  in  places  where  the  rocks  have  suffered  strong 
deformation,  as  shown  in  plate  7,  A.  The  cementing  material 
also  prevents  loose  sand  grains  from  entering  the  wells  and  in 
this  way  may  be  indirectly  responsible  for  producing  better 
water-bearing  conditions.  Other  things  being  equal,  the  number 
and  size  of  openings  in  joints  and  bedding  planes  are  generally 
greater  in  beds  near  the  surface  and  tend  to  decrease  with  depth, 
as  shown  in  plate  11. 

Most  of  the  wells  in  the  area  ending  in  sandstone,  as  in  the 
other  types  of  water-bearing  materials,  are  used  only  for  do- 
mestic purposes,  so  that  their  ultimate  water-yielding  capacity 
is  not  known  and  must  be  inferred  from  the  records  of  wells  used 

'•The  coefficient  of  permeability  is  expressed  by  O.  E.  Meinzer  as  the  num- 
ber of  g'allons  of  water  a day,  at  that  is  conducted  laterally  throufrli 

each  mile  of  a water-bearing-  bed  (measured  at  right  angles  to  the  direction 
of  flow),  for  each  foot  of  thickness  of  the  bed  and  for  each  foot  of  hydraulic 
gradient  per  mile.  See  Stearns,  N.  D.,  I^aboratory  tests  on  the  physical  proper- 
ties of  water-bearing  materials:  U.  S.  Geol.  Survey  Water-Supply  Paper  59(1 
pp.  131-134,  144-152,  1928. 
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for  industrial  or  public  supplies.  Of  the  numerous  wells  in  the 
area  that  are  thought  to  derive  most  or  all  of  their  supply  from 
sandstone,  24  wells  were  reported  to  yield  from  50  to  100  gallons 
a minute;  24  wells  from  100  to  200  gallons;  9 wells  from  200  to 
300  gallons;  4 wells  from  300  to  400  gallons;  and  2 wells  more 
than  500  gallons  a minute — well  849,  in  Somerset  County,  re- 
ported to  yield  570  gallons  a minute;  and  well  31,  in  Clearfield 
County,  reported  to  have  yielded  832  gallons  a minute  with  a 
drawdown  of  25  feet.  In  addition,  there  are  numerous  wells  end- 
ing in  sandstone  that  yield  from  10  to  50  gallons  a minute. 

A few  wells  in  sandstone  were  reported  to  have  maximum 
yields  of  less  than  1 gallon  a minute.  Some  of  these  wells  may  not 
have  been  drilled  sufficiently  deep  to  intersect  an  adequate  num- 
ber of  joints;  others  probably  encountered  sandstone  that  has 
few  or  only  tightly  closed  joints.  Wells  of  this  type,  however, 
are  the  exception  rather  than  the  rule. 

Several  sandstone  springs  yield  from  40  to  750  gallons  a 
minute,  and  spring  964,  in  Bedford  County,  yields  1,800  gallons 
a minute  from  the  Ridgeley  sandstone.  Most  of  these  are  seepage 
or  fracture  springs  of  the  fourth  magnitude  or  lower,  as  defined 
on  page  61,  but  springs  566  in  Huntingdon  County,  and  964  in 
Bedford  County  are  tubular  springs  of  the  third  magnitude. 

WATER  IN  SHALE 

Many  wells  in  central  and  south-central  Pennsylvania  obtain 
small  supplies  of  water  from  shale,  which  is  locally  often  called 
“slate.”  Thin  beds  of  shale  are  present  in  practically  all  the 
Paleozoic  formations,  even  the  sandstones  and  limestones,  but 
the  following  formations  or  groups  consist  largely  of  shale  or 
contain  thick  beds  of  shale:  Waynesboro,  Reedsville,  Martins- 
burg,  Juniata,  Clinton,  Cayuga,  Onondaga,  Marcellus,  Hamilton, 
Portage,  Chemung,  Catskill,  Mauch  Chunk,  Allegheny,  Cone- 
maugh,  and  Monongahela.  Some  of  the  wells  reported  in  the 
county  well  tables  as  obtaining  water  from  shale  or  “slate”  may 
in  reality  derive  most  of  their  supply  from  sandstones,  and  some 
of  the  wells  in  the  Cayuga  group  reported  to  obtain  water  from 
limestone  probably  derive  their  supply  from  calcareous  shale.  In 
some  other  wells  the  nature  of  the  water-bearing  material  is  not 
definitely  known. 

Although  shale  generally  has  considerable  porosity,  the  pore 
spaces  are  so  small  that  most  of  the  water  is  retained  in  the  rock 
and  does  not  become  available  to  wells.  In  most  places,  however, 
the  shale  is  more  or  less  broken  by  joints  and  bedding  planes 
along  which  water  may  move.  In  soft  shales  the  joints  generally 
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Plate  12 


A.  Exposure  of  slightly  overturned  Reedsville  shale,  showing  decrease  in 
number  and  character  of  openings  below  the  weathered  zone.  Note  false  dip 
produced  in  the  weathered  shale  at  the  top  by  the  soil  creep  from  left  to 
right.  Along  east  foot  of  Standing  Stone  Mountain  on  road  from  Bellville 
to  Greenwood  Furnace,  Mifflin  County. 


B.  Arch  Spring,  issuing  from  a natural  arch  in  the 
Lowville  limestone  at  Arch  Spring,  Blair  County  (no. 
476).  The  arch  resulted  from  the  enlargement  of  a sink 
hole  and  the  collapse  of  part  of  the  cave. 
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are  tightly  closed,  because  the  material  is  incompetent  under  the 
heavy  load  of  overlying  material.  In  hard,  brittle  shales,  particu- 
larly those  in  the  plateau  province  refeiTed  to  by  the  drillers  as 
“slates,”  joints  are  more  numerous  and  tend  to  produce  openings 
that  may  be  comparable  to  those  produced  in  sandstones.  Except 
in  some  of  the  “slates”  of  the  Pennsylvanian  foiTnations,  most  of 
the  joint  openings  in  the  shales  appear  to  be  restricted  to  the  first 
100  or  200  feet  below  the  weathered  zone,  and  many  largely  dis- 
appear at  depths  of  300  to  400  feet.  This  condition  is  shown  on 
a small  scale  in  plate  12,  A. 

In  most  places  the  shales  supply  enough  water  for  domestic 
purposes,  from  1 to  10  or  15  gallons  a minute,  but  in  some  places 
less  than  one  gallon  a minute  is  obtained.  From  40  to  50  gallons 
a minute  appears  to  be  about  the  maximum  yield  obtainable  from 
wells  in  the  Ridge  and  Valley  province  that  are  definitely  known 
to  obtain  water  only  from  shale.  Most  of  the  shale  wells  de- 
scribed in  the  county  well  tables  that  yield  more  than  this  amount 
may  derive  part  of  their  supply  from  associated  beds  of  sand- 
stone or  limestone,  or  from  sandy  or  calcareous  shale.  Well  174, 
in  Centre  County,  is  616  feet  deep  and  obtained  only  45  gallons 
a minute  from  the  Reedsville  shale,  with  a draw-down  of  about 
100  feet.  Well  259,  in  Union  County,  is  606  feet  deep  and  yields 
only  42  gallons  a minute  from  shale  (Clinton)  with  moderate 
draw-down,  and  can  be  pumped  nearly  dry  at  60  gallons  a minute 
or  more.  Well  567,  in  Huntingdon  County,  is  756  feet  deep  and 
is  reported  to  yield  about  80  gallons  a minute  from  shale  (Hamil- 
ton or  Portage),  with  a draw-down  of  35  feet.  Well  623,  in  Hunt- 
ingdon County,  is  465  feet  deep  and  yields  only  35  gallons  a 
minute  from  the  Marcellus  shale.  These  wells  were  drilled  200 
to  500  feet  deeper  than  the  average  wells,  in  the  hope  of  obtain- 
ing large  supplies,  but  little  or  no  additional  water  was  obtained 
at  great  depths  below  the  weathered  zone.  However,  some  wells 
of  moderate  depth  supply  20  to  40  gallons  a minute  from  shale — 
enough  for  some  industrial  purposes. 

In  the  plateau  province  a few  wells  that  yield  100  gallons  a 
minute  or  more  are  reported  to  obtain  their  supplies  from 
“slates,”  although  here  again  sandy  shale  or  thin  sandstones 
may  contribute  to  the  supply.  Typical  wells  of  this  class  are  wells 
29  and  30,  in  Clearfield  County,  and  wells  390  and  447  in  Cam- 
bria County. 

Most  springs  in  shale  are  seepage  or  fracture  springs  of  the 
fifth  magnitude  or  lower  and  yield  only  a few  gallons  a minute, 
but  spring  884,  in  Somerset  County,  of  the  fourth  magnitude,  is 
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reported  to  yield  as  much  as  175  gallons  a minute  in  wet  seasons 
from  “slate.” 

WATER  IN  I.IMESTONE  ANU  I301.0M1TE 

Limestone,  or  calcium  carbonate  (CaCOg)  and  dolomite,  or 
calcium  and  magnesium  carbonate  (CaCOg  • MgCOg),  have  similar 
water-bearing  properties  and  are  both  known  as  limestone  to  the 
drillers  and  other  people  in  the  area. 

In  central  and  south-central  Pennsylvania  the  Cambrian  and 
Ordovician  limestones  and  dolomites  constitute  practically  a 
single  lithologic  unit  whose  average  thickness  is  about  6,600  feet, 
but  if  the  maximum  thickness  of  each  formation  were  repre- 
sented at  any  one  locality,  the  aggregate  thickness  would  be 
about  8,600  feet.  In  the  central  part  of  the  area  this  unit  includes 
the  Pleasant  Hill,  Warrior,  Stonehenge,  Axemann,  Carlim,  Low- 
ville,  Rodman,  and  Trenton  limestones,  the  dolomites  of  the 
Gatesburg  formation,  and  the  Mines,  Larke,  Nittany,  and  Belle- 
fonte  dolomites.  Exposures  of  some  of  these  rocks  are  shown  in 
plates  6,  B and  12,  B.  In  Fulton  County  the  Beekmantown, 
Stones  River,  and  Chambersburg  limestones  and  the  limestones 
in  the  lower  part  of  the  Martinsburg  shale  are  included. 

A much  thinner  aggregation  of  Silurian  and  Devonian  lime- 
stones includes  the  Tonoloway,  Helderberg,  and  Tully  limestones 
and  the  limestones  of  the  Clinton,  McKenzie,  Wills  Creek,  Shriver, 
and  Onondaga  formations. 

The  Carboniferous  formations  include  only  a few  thin  lime- 
stones— the  Loyalhanna  limestone  and  the  thin  limestones  of  the 
Mauch  Chunk  shale  and  the  Allegheny  formation. 

Origin  and  character  of  openings. — The  limestone  and  dolo- 
mites in  central  and  south-central  Pennsylvania  are  generally 
very  dense  and  do  not  appear  to  contain  visible  primary  openings 
other  than  minute  openings  in  bedding  planes.  The  principal 
openings  are  secondary  and  consist  of  numerous  joints  and  a few 
faults  that  originated  during  the  severe  folding  of  the  strata. 
Such  openings  pemiit  the  descent  and  lateral  movement  of  water 
derived  from  the  rain  and  snow.  In  percolating  downward 
through  the  soil  this  water  takes  into  solution  carbon  dioxide,  or 
carbonic  acid,  and  perhaps  also  certain  organic  acids  derived  from 
decaying  vegetation  in  the  soil.  As  limestone  and  dolomite  are 
soluble  in  these  weak  acid  solutions,  portions  of  the  rock  are 
removed  along  the  joints,  and  these  openings  gradually  enlarge 
to  form  intricate  networks  of  underground  channels.  In  addition 
to  the  removal  of  material  by  solution,  some  of  the  underground 
streams,  laden  with  suspended  matter,  may  enlarge  their  channels 
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by  corrasion.  As  the  channels  are  enlarged,  caverns  are  formed, 
and  enlarged  vertical  holes  called  sink  holes  connect  the  caverns 
with  the  surface.  Sink  holes  of  two  types  are  recognized — solution 
sinks  and  collapse  sinks.  Solution  sinks  generally  originate  along 
a vertical  joint  or  at  the  intersection  of  two  such  joints.  A col- 
lapse sink  forms  when  the  roof  of  an  underground  channel  col- 
lapses. 

In  their  descent  to  the  water  table  the  underground  streams 
seek  lower  levels  and  in  many  places  leave  dry  channels  above. 
Dry  channels  are  generally  formed  if  the  water  table  is  lowered 
as  a result  of  regional  uplift  or  of  the  down-cutting  of  the 
streams.  Redeposition  of  limestone  takes  place  in  many  of  these 
dry  channels  or  on  the  roofs  of  wet  channels  to  form  dripstone 
or  flowstone.  Some  of  the  results  of  solution  and  redeposition  are 
illustrated  in  figure  7. 


Figure  7.  Diagram  showing  system  of  solution  openings  in  limestone.  A and 
B are  vertical  openings  eonneeting  the  dry  channel  above  with  the  wet 
channei  below.  The  dry  channel  is  connected  with  the  surface  by  sink 
holes  and  e<mtains  deposits  <»f  dripstone  and  llowstone.  (After  G.  f. 
Matson.) 

By  the  process  outlined  above  a system  of  underground  drain- 
age comparable  to  a surface  drainage  system  may  be  developed. 
The  underground  streams,  like  the  surface  streams,  become  ad- 
justed to  the  baselevel  of  the  streams  into  which  they  discharge 
and  tend  to  become  graded  to  this  baselevel.  In  the  limestone 
valleys  of  this  area  numerous  small  streams  disappear  into  sink 
holes,  follow  underground  channels  for  distances  of  a few  hun- 
dred feet  to  several  miles,  and  reappear  to  form  springs  at  or 
above  the  water  table.  Interrupted  streams  of  this  type  are 
shown  in  plate  13.  (See  also  pi.  14.)  Interrupted  streams  that 
are  graded  to  the  water  table  discharge  from  several  large 
caverns  in  this  area,  such  as  Mammoth  Spring  (no.  654),  at  the 
mouth  of  Alexander  Caverns,  Mifflin  County;  spring  143,  at  the 
discharge  of  Penns  Cave,  Centre  County;  and  Rock  Spring  (no. 
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178)  in  Centre  County.  Arch  Spring,  in  Blair  County  (no.  476) 
is  a sluggish  stream  graded  to  the  water  table  at  the  point  of 
discharge,  shown  in  plate  12B,  but  is  a turbulent,  corrading 
vadose  stream  where  it  is  visible  in  a large  sink  hole  0.8  mile 
southwest  of  the  spring. 

In  addition  to  the  solution  of  limestone  by  water  above  the 
water  table,  limestone  is  also  dissolved  by  ground  water  at  the 
fluctuating  top  of  the  water  table  and  for  a distance  below  the 
water  table,  for  there  is  generally  free  circulation  at  these  levels. 
Ground  water  at  considerable  depth  below  the  water  table  gener- 
ally circulates  very  slowly,  and  as  the  water  loses  its  carbonic  acid 
it  exerts  much  less  solvent  action  on  the  rocks.  Therefore  it  is 
commonly  held,  as  by  Swinnerton  and  Gardner,^  that  continu- 
ous systems  of  solution  channels  or  caverns  do  not  form  at  con- 
siderable depths  below  the  water  table.  On  the  contrary,  Davis 
contends  that  limestone  caverns  may  be  formed  at  considerable 
depths  below  the  water  table. 

In  jointed  folded  limestones  that  contain  relatively  impervious 
confining  layers  of  clay  or  shale,  deep-seated  artesian  circulation 
may  take  place,  and  in  this  way  it  is  possible  to  form  solution 
channels  at  considerable  depths  below  the  water  table. 

In  some  parts  of  the  United  States  and  other  regions  lime- 
stones have  been  rendered  cavernous  by  the  processes  described 
above,  and  by  subsequent  subsidence  or  rise  of  the  water  table 
the  caverns  thus  formed  have  been  submerged  below  the  water 
table,  producing  ideal  water-bearing  conditions.^®  The  water-filled 
solution  channels  in  this  area  do  not  appear  to  have  been  formed 
in  this  way,  however. 

In  this  area  most  of  the  shallow  air-filled  channels  occupied  at 
times  by  streams  appear  to  have  been  formed  in  the  zone  of 
aeration,  but  the  water-filled  channels  encountered  in  wells  as 
much  as  several  hundred  feet  below  the  water  table  appear  to 
have  been  formed  in  the  zone  of  saturation,  as  suggested  below, 
probably  in  part  with  the  aid  of  artesian  circulation. 

Relation  to  physiography  and  the  water  table. — The  periods  of  up- 
lift and  erosion  in  this  area  are  described  on  pages  29-31.  In 
plate  14  a line  connecting  points  A and  F on  the  ridge  crests 
represents  an  eroded  remnant  of  the  Kittatinny  or  the  Schooley 
peneplain,  and  a line  passing  through  the  top  of  the  knolls  and 

” Swinnerton,  A.  C..  Origin  of  limestone  caverns:  Geol.  Soc.  America  Bull., 
vol.  43,  p.  692,  1932.  ^ „ 

'•Gardner,  J.  H.,  Origin  and  development  of  limestone  caverns:  Geol.  Soc. 
America  Bull.,  vol.  46,  pp.  1,273-1,274,  1935. 

'“Davis,  W.  M.,  Origin  of  limestone  caverns:  Geol.  Soc.  America  Bull.,  vol. 
41,  no.  3,  p.  480,  1930. 

’“Melnzer,  O.  E.,  op.  clt.  (U.  S.  Geol.  Survey  Water-Supply  Paper  489),  p.  132. 
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low  hills  in  the  broad  valley  represents  an  eroded  remnant  of 
what  has  been  called  the  Harrisburg  peneplain.  After  the  forma- 
tion of  the  Harrisburg  peneplain  subsequent  uplifts  caused  the 
streams  to  cut  valleys  into  this  old  land  surface,  but  there  ap- 
pears to  be  no  evidence  that  the  land  has  subsided  appreciably 
since  Harrisburg  time,  for  the  streams  are  still  actively  deepening 
their  channels.  The  present  water  table  (bottom  pi.  14)  ap- 
pears to  have  been  considerably  higher  in  the  past  than  it  is 
now,  but  it  has  probably  never  been  appreciably  lower  than  it  is 
now  during  dry  seasons  or  droughts.  Therefore,  the  solution 
channels  shown  seem  to  have  been  formed  beneath  the  water 
table,  probably  with  the  aid  of  artesian  circulation  in  the  highly 
folded  strata.  The  channel  encountered  by  well  164  is  more  than 
300  feet  below  the  lowest  water  level  recorded  for  that  well. 
Similar  conditions  were  found  to  exist  in  the  other  limestone 
valleys  of  the  area. 

Wells. — In  the  county  descriptions  of  this  report  records  are 
given  of  about  300  wells  that  end  in  limestone  or  dolomite,  many 
of  which  encountered  one  or  more  solution  channels.  In  54  wells 
of  this  type,  for  which  fairly  reliable  reports  of  the  channels 
were  obtained,  the  average  depth  to  the  principal  water-bearing 
channel  is  103  feet  below  the  water  table.  They  range  from 
channels  at  the  water  table  to  channels  350  feet  below  the  water 
table,  but  only  7 channels  were  reported  at  depths  exceeding  200 
feet  below  the  water  table,  of  which  5 range  from  300  to  350 
feet.  These  channels  are  reported  to  range  in  diameter  from  a 
few  inches  to  several  feet.  Most  of  the  channels  encountered  by 
wells  appear  to  be  only  slightly  inclined,  but  a vertical  crevice 
about  200  feet  long  was  reported  in  well  466,  in  Blair  County, 
extending  from  a depth  of  about  100  feet  to  300  feet.  This  entire 
crevice  is  below  the  water  table. 

The  success  of  a well  in  limestone  or  dolomite  depends  upon 
the  number,  size,  and  water-bearing  capacity  of  the  solution 
channels  encountered.  As  the  positions  of  such  openings  can  but 
rarely  be  inferred  from  surface  conditions,  there  is  always  some 
uncertainty  as  to  the  success  of  a new  well.  Wells  that  encounter 
one  or  more  water-filled  channels  generally  yield  large  supplies 
of  water,  but  wells  that  encounter  no  such  openings  yield  little 
or  no  water,  as  illustrated  in  figure  8.  For  example,  in  Mifflin 
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County  a hole  was  drilled  202  feet  deep  in  limestone  without 
obtaining  any  water.  The  driller  then  moved  away  a few  feet  and 
drilled  well  648,  which  is  124  feet  deep,  and  obtained  an  adequate 
supply  at  a depth  of  only  96  feet.  Although  some  wells  in  this 


Hsure  8.  Ltiagrain  .showing  dift’ercnoo  in  conditioiis  in  wells  in  limestone  not 
far  apart.  (After  G.  C.  Matson.) 

area  yield  only  small  supplies  of  water  from  limestone  or  dolo- 
mite, yet,  owing  to  the  severe  folding  and  jointing  that  has 
affected  these  rocks,  very  few  wells  were  reported  to  be  absolute 
failures. 

It  is  deemed  unwise  to  drill  in  limetone  or  dolomite  more  than 
350  feet  below  the  local  water  table,  as  shown  in  nearby  wells,  or 
the  local  drainage  level  in  nearby  perennial  streams.  If  a satis- 
factory supply  is  not  obtainable  within  this  depth,  it  would  be 
more  expedient  to  drill  a new  well  a short  distance  way.  The 
general  strike  or  trend  of  the  rocks  in  this  area  is  northeast,  and 
as  solution  channels  are  formed  along  joints,  many  of  which  are 
parallel  to  the  bedding  planes  and  the  strike  of  the  strata,  it  is 
generally  preferable  to  drill  the  second  well  at  a point  northwest 
or  southeast  of  the  unsuccessful  well. 

Limestones  and  dolomites  are  the  most  productive  water-bear- 
ing rocks  in  the  area  east  of  the  Allegheny  Front,  which  is  their 
principal  area  of  outcrop.  Many  wells  used  for  domestic  supply 
probably  would  yield  several  hundred  gallons  a minute  if  large 
pumps  were  used.  More  than  12  industrial  wells  are  reported  to 
yield  200  to  more  than  500  gallons  a minute.  Well  225,  in  Clinton 
County,  is  reported  to  yield  550  gallons  a minute  with  a draw- 
down of  only  4 feet,  and  therefore  it  has  a specific  capacity  of 
137  gallons  a minute  per  foot  of  draw-down.  (See  p.  55.)  Well 
215,  in  Clinton  County,  is  pumped  at  50  gallons  a minute  but 
is  reported  to  have  yielded  about  800  gallons  a minute  during  a 
pumping  test.  The  draw-down  during  this  test  is  not  known. 

Clay,  sand,  and  rock  debris  carried  by  underground  streams 
are  encountered  in  solution  channels  above  the  water  table  in 
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some  wells  and  these  channels  should  be  cased  off,  together  witn 
all  other  openings  above  the  water  table,  because  they  constitute 
a potential  source  of  contamination.  In  some  wells  solution 
channels  below  the  water  table  contain  residual  clays,  and  if  such 
channels  are  pumped  heavily,  muddy  water  may  result.  Numer- 
ous solution  channels  were  encountered  in  well  172,  in  Centre 
County  (shown  on  pi.  14  and  in  log  on  p.  190).  When  the  pump 
on  this  well  is  first  started,  the  water  discharged  is  muddy,  and 
it  is  reported  to  remain  muddy  until  after  the  well  has  been 
pumped  about  4 hours. 

Springs. — The  largest  springs  in  the  area  are  tubular  springs 
in  limestone  and  dolomite.  These  springs  are  described  on 
pages  63-64. 

Cat’c.s'.-  In  the  counties  east  of  the  Allegheny  Front  there  are 
many  caves  in  limestone,  and  undoubtedly  there  are  others  as 
yet  undiscovered.  Excellent  descriptions  of  35  of  these  caves 
in  the  area,  of  which  9 are  open  to  the  public  are  given  by  Stone. 
Underground  streams  can  be  observed  in  many  of  these  caves, 
and  are  especially  prominent  in  Penns  Cave,  Centre  County 
(spring  143) ; Arch  Spring  Cave,  Blair  County  (spring  476,  pi. 
12,  B)  and  Alexander  Caverns,  Mifflin  County  (spring  65).  Penns 
Cave  and  a large  part  of  Alexander  Caverns  are  accessible  to  the 
public  only  by  boat. 


WATER  IN  COAI. 

Beds  of  coal  occur  in  the  Pottsville,  Allegheny,  Conemaugh, 
and  Monongahela  formations,  but  in  this  area  they  are  most 
abundant  in  the  Allegheny  formation. 

As  coal  is  brittle  it  is  readily  jointed,  generally  along  bedding 
planes  and  at  right  angles  to  these  planes,  similarly  to  shales  and 
“slates.”  In  many  places  coals  are  underlain  by  impervious 
underclays  or  shales,  which  help  to  retain  the  water.  These  fea- 
tures are  illustrated  in  plate  16,  B. 

Coal  is  unimportant  as  a source  of  water  in  this  area.  Well 
911,  in  Somerset  County,  is  the  only  well  in  the  area  observed 
or  reported  to  obtain  water  from  coal.  In  some  places  coal  beds 
can  be  traced  by  small  contact  springs  or  damp  places  along  their 
outcrops,  as  in  the  vicinity  of  spring  90,  in  Clearfield  County. 
Some  of  these  springs  doubtless  issue  from  the  coal  beds,  the 
water  being  held  above  the  impervious  underclays.  In  some 
springs,  however,  the  water  may  issue  from  more  permeable 
shale  or  sandstone  overlying  the  coal.  Infiltration  gallery  392, 

” stone,  R.  W.,  Pennsylvania  caves:  Pennsylvania  Geol.  Survey,  4th  ser  , 
Bull.  G 3,  2d  edition,  143  pp.,  68  fig's.,  1932. 
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in  Cambria  County,  obtains  from  100  to  300  gallons  a minute 
from  an  abandoned  mine  drainage  tunnel  along  a coal  bed,  but 
most  of  the  water  probably  comes  from  permeable  beds  above 
the  coal. 

Water  from  undisturbed  coal  beds  may  be  potable  and  not 
highly  mineralized,  but  water  from  coal  beds  that  have  been  ex- 
posed to  air  in  or  near  mines  generally  contains  hydrogen  sul- 
phide, excess  iron,  and  in  some  places  sulpuric  acid.  (See  p.  53.) 
For  this  reason  wells  that  penetrate  coal  beds  but  obtain  water 
from  other  rocks  below  the  coal  are  generally  cased  down  to  a 
point  below  the  lowest  coal  encountered.  Where  acid  waters  are 
encountered  ordinary  iron  or  steel  casings  are  likely  to  be  badly 
corroded  unless  they  are  protected  in  some  way.  It  was  reported 
that  in  well  431,  Cambria  County,  the  casing  rusted  through  in  2 
years  as  a result  of  contact  with  coal  beds.  In  well  391,  Cambria 
County,  the  200  feet  of  casing  is  protected  by  an  annular  layer 
of  cement  2 inches  thick. 

WATER  IN  COAI.  MINES 

Large  quantities  of  ground  water  are  encountered  in  the 
numerous  coal  mines  of  the  area,  and  must  be  pumped  or  drained 
from  the  mines.  Although  part  of  this  water  may  occur  in  the 
coal  beds,  most  of  it  probably  drains  downward  from  overlying 
sandstones  or  “slates.”  Some  of  the  water  thus  recovered  is 
used  for  washing  coal,  but  in  some  places  it  is  too  acid  for  this 
purpose,  as  it  corrodes  through  the  water  pipes.  Notes  obtained 
from  interviews  with  mining  men  regarding  the  quantity  and 
quality  of  mine  water  pumped  in  certain  areas  follow. 

Cambria  County. — According  to  D.  Fleming,  of  the  Ebensburg 
Coal  Co.,  at  Colver,  the  average  pumpage  in  1933  from  workings 
in  the  Lower  Kittanning  coal  was  about  1,300,000  gallons  daily. 
In  addition,  considerable  water  was  drained  out  above  this  horizon 
by  gravity.  The  area  of  the  workings  was  not  given. 

According  to  Mr.  Horton,  of  the  Bethlehem  Mines  Co., 
Johnstown,  the  average  pumpage  from  this  company’s  mines 
near  Johnstown  was  formerly  1,200,000  gallons  daily,  but  in  1933 
the  pumps  were  not  working  and  the  mines  were  being  allowed 
to  fill.  The  area  of  the  workings  was  not  given. 

Clearfield  Comiiy.— According  to  Mr.  Shobert,  of  the  Buffalo  & 
Susquehanna  Coal  & Coke  Co.,  of  Sykesville,  6,000  gallons  a 
minute  was  formerly  pumped  from  its  No.  1 shaft,  at  Shaffer, 
which  is  206  feet  deep,  and  about  15,000  gallons  a minute  was 
formerly  pumped  from  its  No.  2 shaft,  south  of  Du  Bois,  which 
is  170  feet  deep.  These  shafts  are  about  5 miles  apart  but  extend 
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to  the  same  series  of  workings  in  the  Lower  Freeport  coal.  The 
area  of  workings  was  not  given.  The  mine  water  was  acid  when 
pumped,  but  the  pumps  at  the  two  shafts  were  shut  down  in  1924 
and  1928,  and  the  water  is  thought  to  be  of  better  quality  since 
the  workings  have  filled  up  to  the  water  table. 

Somerset  County  ~ -According  to  L.  M.  Carter,  chief  engineer 
of  the  Consolidation  Coal  Co.,  Somerset,  the  average  daily  pump- 
age  of  four  mines  in  1933  wms  1,500,000  gallons  from  1,200  acres 
of  workings  in  the  Upper  Kittanning  coal  at  Jenners  (reported 
to  be  double  this  amount  in  wet  seasons)  ; 1,500,000  gallons  from 
940  acres  of  workings  in  the  Upper  Kittanning  coal  at  Acosta; 
1,600,000  gallons  from  500  acres  of  workings  in  the  Upper  Free- 
port coal  at  Gray;  and  1,000,000  gallons  from  200  acres  of  work- 
ings in  a coal  bed  at  Bell. 

According  to  Andrew  Diamond,  of  the  Orenda  No.  2 mine  at 
Boswell,  in  1933  an  average  of  about  432,000  gallons  a day  was 
pumped  from  800  acres  of  workings  in  the  Upper  Kittanning 
coal  at  a depth  of  530  feet,  and  about  324,000  gallons  a day  was 
pumped  from  400  acres  of  workings  in  the  same  coal  at  a depth 
of  1,000  feet. 

The  Bituminous  Mine  Drainage  Survey  of  the  Pennsylvania 
Department  of  Health  has  obtained  some  interesting  information 
from  abandoned  coal  mines  in  southwestern  Pennsylvania  which 
have  been  allowed  to  fill  with  water.  According  to  H.  M.  Van 
Zandt,  engineer  in  charge  of  the  survey,  Greensburg,  wmter  in 
mines  that  are  allow-ed  to  fill  generally  changes  from  acid  to 
neutral  in  a few  years,  and  in  some  mines  the  water  actually  be- 
comes alkaline.  Thus  when  these  mines  fill  and  overflow  into  the 
streams  at  low  points,  the  water  is  of  good  quality  for  consumers 
downstream,  whereas  the  acid  water  discharged  from  active 
mines  may  render  the  stream  waters  unfit  for  use,  especially  in 
times  of  drought.  According  to  Mr.  Van  Zandt,  a small  area 
underlying  Beams  Run,  near  Gray,  Somerset  County,  was  allowed 
to  fill  up  to  the  water  table,  8 feet  below  the  ground  surface.  He 
reported  that  the  flow  of  Beams  Run  subsequently  increased  and 
that  local  springs  that  had  reduced  or  stopped  flowing  during 
active  mining,  resumed  their  normal  flow. 

WATER  IN  IGNEOUS  ROCK 

The  only  igneous  rock  in  the  area  occurs  in  Perry  County, 
where  a few  vertical  dikes  of  Triassic  trap  rock  or  diabase  cut 
through  the  Paleozoic  sediments,  as  described  on  page 

In  southeastern  Pennsylvania  a few  wells  obtain  small  supplies 
of  water  from  diabase  dikes,  chiefly  from  the  zone  of  disinte- 
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grated  rock.^^  The  diabase  is  regarded  as  a poor  water-bearer, 
however,  and  wells  ending  in  dense,  unweathered  diabase  would 
probably  yield  very  little  water.  The  water  in  diabase  occurs 
principally  if  not  wholly  in  joints. 

In  Perry  County  no  wells  were  reported  or  observed  in  diabase. 
These  dikes  should  be  avoided  as  a source  of  water  supply,  for 
two  reasons — (1)  their  hardness  makes  them  very  difficult  to 
drill,  and  (2)  owing  to  the  fact  that  the  dikes  appear  to  have 
undergone  less  disintegration  from  weathering  than  the  sedi- 
ments through  which  they  have  been  cut,  they  are  probably 
poorer  water-bearers  than  any  of  the  sedimentary  rocks. 

IIECOA  EIIY 

In  central  and  south-central  Pennsylvania  ground  water  is  re- 
covered principally  from  dug  wells,  drilled  wells,  and  springs. 
Some  water  is  recovered  from  abandoned  tunnels  used  as  infilti’a- 
tion  galleries,  specially  equipped  mine  shafts,  and  mine  workings, 
as  described  on  page  66.  There  may  be  a few  driven  wells  in 
use  in  areas  close  to  streams,  but  none  were  observed.  No  bored 
wells  were  observed  in  the  area. 

When  water  is  withdrawn  from  a well  there  is  a difference  in 
head  between  the  water  inside  the  well  and  the  water  in  the  sur- 
rounding material  at  some  distance  from  the  well.  The  water 
table  or  pressure-indicating  surface  in  the  vicinity  of  a well  that 
is  discharging  water  has  a depression  somewhat  in  the  form  of 
an  inverted  cone,  the  apex  of  which  is  at  the  well,  as  illustrated 
in  figure  9.  In  areas  of  flowing  wells  (see  page  40)  the  cone 


a Land  surface 


c’  Water  table 


Figure  9.  Diagrammatic  section  of  a well  that  is  being  pumped,  showing  its 
draw-down  (dd'),  cone  of  influence  (cc'd'),  and  area  of  influence  (aa'). 
(After  Meinzer.) 


of  influence  exists  only  as  an  imaginary  cone  whose  apex  is  the 
point  of  discharge  of  the  well.  In  any  given  well  the  greater  the 
pumping  rate  the  greater  will  be  the  draw-down  and  the  greater 
will  be  the  diameter  of  the  cone  of  influence  and  the  area  of  in- 

«Hall,  G.  M.,  Ground  water  in  southeastern  Pennsylvania:  Pennsylvania 
Geol.  Survey,  4th  ser.,  Bull.  W 2,  p 66,  1934. 
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tluence.  If  the  well  is  heavily  pumped  the  water  levels  in  wells 
several  hundred  feet  or  even  a few  miles  away  may  be  lowered 
somewhat. 

The  specific  capacity  of  a well  is  its  rate  of  yield  per  unit  of 
draw-down  and  is  usually  stated  in  gallons  a minute  per  foot  of 
draw-down.  For  example,  well  224,  in  Clinton  County,  is  re- 
ported to  yield  550  gallons  a minute  with  a draw-down  of  only 
about  4 feet.  Its  specific  capacity  is  therefore  137  gallons  a 
minute  per  foot  of  draw-down.  Wells  in  some  of  the  consolidated 
rocks  such  as  shale  may  have  yields  of  less  than  1 gallon  a minute 
per  foot  of  draw-down. 

When  a well  is  pumped  the  water  level  drops  rapidly  at  first 
and  then  more  slowly,  but  it  may  continue  to  decline  for  several 
hours  or  days.  Therefore,  in  testing  the  specific  capacity  of  a 
well,  it  is  important  to  continue  pumping  until  the  water  level 

Time  after  pump  stopped 


F''isure  10.  Kecovery  tMirve  well  602,  at  Mount  Union,  Huntingdon  County. 
Well  had  been  pumped  at  about  SO  j^alloiis  a minute  for  2 weeks  before 
pump  was  stopped. 

remains  approximately  stationary.  When  the  pump  is  stopped 
the  recovery  is  likewise  rapid  at  first  but  tapers  off  slowly  and 
may  continue  long  after  pumping  has  ceased.  In  the  recovery 
curve  shown  in  figure  10  the  water  level  is  seen  to  be  still  rising 
rapidly  20  minutes  after  the  pump  was  stopped. 
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Obviously,  as  the  cost  of  pumping  water  increases  with  the 
draw-down,  a material  saving  can  be  effected  by  increasing  the 
specific  capacity  of  a well  by  modern  methods  of  well  construc- 
tion, some  of  which  are  described  below  under  “drilled  wells.” 

DUG  WELLS 

In  most  of  the  rural  regions  dug  wells  are  still  commonly  used 
for  domestic  and  stock  supplies.  In  general  they  obtain  water 
from  rather  poor  water-bearing  material,  but  the  large  diameter 
of  the  wells  provides  a large  infiltration  area  and  allows  ample 
storage  of  water.  They  are  more  liable  to  fail  during  dry  seasons 
and  are  more  subject  to  contamination  than  the  deeper  drilled 
wells.  Dug  wells  are  generally  curbed  with  stone,  brick,  or  wood, 
but  some  are  curbed  with  tile  or  concrete.  Most  dug  wells  for 
domestic  use  are  from  II/2  to  3 or  4 feet  in  diameter,  but  some 
dug  or  caisson  wells  for  industrial  use  are  18  or  20  feet  in  diame- 
ter, such  as  well  216,  in  Clinton  County,  which  was  reported  to 
yield  1,000  gallons  a minute  from  gravel.  Some  dug  wells  that 
have  failed  to  yield  adequate  supplies  have  been  deepened  by 
drilling.  Such  wells  are  listed  in  the  county  tables  of  well  records 
as  dug  and  drilled  wells. 

Water  is  obtained  from  most  of  the  dug  wells  by  means  of 
hand-operated  lift  pumps  or  force  pumps,  but  in  some  shallow 
wells  hand-operated  pitcher  pumps,  chain  pumps,  or  bucket 
pumps  are  used.  The  cylinders  or  working  barrels  in  lift  pumps 
and  force  pumps  are  similar  and  are  located  below  the  ground 
surface,  either  above  or  below  the  water  surface,  but  a lift  pump 
is  capable  only  of  discharging  water  at  the  pump  head,  whereas 
a force  pump  can  force  water  above  this  point — for  example,  to 
an  elevated  tank.  Some  of  the  lift  pumps  and  force  pumps  are 
equipped  with  pump  jacks  driven  by  gasoline  engines,  electric 
motors,  or  windmills.  Some  dug  wells  for  industrial  use  are 
equipped  with  power  pumps  similar  to  those  described  below 
under  drilled  wells.  Pitcher  pumps  are  used  on  some  wells  where 
the  water  level  is  within  the  suction  limit.  Bucket  pumps  and 
chain  pumps  consist  of  crank-operated  sprockets  around  which 
pass  endless  chains  to  which  are  attached  buckets  or  gaskets.  In 
bucket  pumps  the  buckets  dump  the  water  into  a reservoir  in  the 
head  of  the  pump,  whence  it  flows  out  of  the  discharge  pipe.  In 
chain  pumps  the  gaskets  fit  into  a vertical  metal  or  wooden  pipe 
and  cause  a continuous  column  of  water  to  rise  to  the  discharge 
pipe.  Water  is  obtained  from  a few  dug  wells  by  a bucket 
attached  to  a rope,  either  by  pulling  up  hand  over  hand  or  by 
means  of  a windlass. 
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nillTEX  WEI.l.S 

In  some  of  the  valleys  containing'  alluvium  a few  driven  wells 
are  used  for  domestic  or  stock  supplies.  Driven  wells  can  be  used 
only  where  the  materials  are  soft  enough  to  permit  a pipe  being 
driven  and  where  the  material  is  sufficiently  permeable — such  as 
alluvium  consisting  of  layers  of  gravel,  sand,  and  silt.  The  driven 
wells  generally  consist  of  a ly^-ov  l'/_-inch  pipe  with  a drive- 
point  screen  at  the  bottom,  klost  of  them  are  pumped  by  hand- 
operated  pitcher  pumps  attached  directly  to  the  pipe.  Like  the 
dug  wells,  driven  wells  are  more  likely  to  fail  during  dry  seasons 
and  are  more  subject  to  contamination  than  the  deeper  drilled 
wells. 


Dltll.I.EI)  WEI.I.S 

Most  of  the  industrial  ground-water  supplies  and  a large  part 
of  the  domestic  and  public  ground-water  supplies  are  obtained 
from  drilled  wells.  All  the  drilled  wells  observed  or  reported  in 
the  area  were  drilled  by  percussion,  chiefly  by  the  portable  cable- 
tool  (or  solid-tool)  method.  Wells  drilled  for  domestic  use  are 
generally  about  6 inches  in  diameter  (casing  5%  inches  inside 
diameter).  Those  drilled  for  industrial  or  municipal  use  are 
generally  8,  10,  or  12  inches  in  diameter,  although  a few  are 
larger. 

Wells  in  consolidated  rocks. — Most  of  the  drilled  wells  in  this 
area  obtain  water  from  the  consolidated  rock  formations  and  are 
cased  through  the  overlying  weathered  rock  or  alluvium  and 
several  feet  into  the  bedrock.  The  water  may  enter  the  well 
along  its  entire  uncased  portion  wherever  the  rock  is  water-bear- 
ing. Wells  finished  in  this  way  are  called  open-end  wells,  because 
the  water  enters  only  at  the  lower  end  of  the  casing.  In  some 
places  where  it  may  be  desirable  to  case  off  water  of  poor  quality 
in  coal  beds  (p.  52)  or  to  case  off  dry  or  clay-filled  solution 
channels  in  limestone  (p.  51),  the  casing  is  carried  down 
through  part  of  the  bedrock  until  more  favorable  conditions  are 
found.  A well  of  this  kind  may  require  one  or  more  reductions 
in  the  diameter  of  the  hole  as  drilling  proceeds,  and  several  cas- 
ings of  different  diameter.  The  yields  of  drilled  wells  in  the 
different  consolidated  deposits  are  discussed  on  pages  42-50,  and 
the  complete  records  of  all  wells  visited  are  tabulated  in  the 
county  chapters. 

Wells  in  unconsolidated  deposits. — All  the  observed  drilled  wells 
in  the  area  that  obtain  ■water  from  unconsolidated  material  (sand 
or  gravel)  are  cased  to  the  bottom  and  receive  water  only  through 
the  open  end  of  the  casing,  like  the  wells  described  above. 
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The  intake  area  and  consequently  the  efficiency  of  wells  drilled 
in  unconsolidated  material  may  be  increased  in  several  ways, 
none  of  which  appear  to  be  in  use  in  this  area.  The  simplest  way 
to  increase  the  intake  area  is  by  perforating  those  portions  of 
the  casing  that  are  in  the  water-bearing  beds  or,  by  using  screens. 
In  drilling  such  a well  samples  of  material  should  be  taken  every 
few  feet,  and  the  depth  and  thickness  of  water-bearing  beds 
carefully  recorded,  in  order  to  know  where  to  perforate  the  casing 
and  in  order  to  select  the  proper  size  for  the  perforations.  Well 
screens  (or  strainers)  are  manufactured  in  many  different  types 
and  sizes,  and  the  grain  size  of  the  water-bearing  material  de- 
termines the  size  of  openings  to  be  used  in  the  screen.  If  the 
water-bearing  material  is  of  fine  grain  the  perforated  casing  or 
well  screen  may  be  surrounded  by  an  annular  layer  of  carefully 
selected  gravel.  (See  fig.  11.)  By  thus  increasing  the  actual 
diameter  and  intake  area  of  the  well  with  a layer  of  gravel,  the 
velocity  of  the  incoming  water  may  be  reduced  sufficiently  to 
prevent  the  finer  material  from  entering  the  well.  Large  supplies 
of  water  could  probably  be  obtained  from  the  unconsolidated 
materials  described  on  page  121  if  such  methods  of  well  con- 
struction were  employed. 

Methods  of  lift  and  types  of  pumps. — Drilled  wells  for  domestic 
or  stock  use  are  generally  equipped  with  hand  lift  or  force  pumps 
as  described  above,  or  with  small  power-driven  pumps  or  wind- 
mills. Small  pneumatic  systems  are  used  in  many  wells,  in  which 
the  water  is  forced  against  air  pressure  into  an  air-tight  tank, 
from  which  it  flows  under  pressure  to  any  part  of  the  house. 

Many  types  of  power-driven  pumps  or  lifting  devices  are  in 
use  on  the  industrial  and  municipal  wells  of  the  area.  Most  of 
the  older  installations  consist  of  single-  or  double-action  force 
pumps  installed  in  the  well  or  suction  pumps  at  the  surface, 
driven  by  electricity,  steam,  or  internal-combustion  engines. 
Some  wells  are  pumped  by  air  lift.  In  this  method  compressed 
air  is  forced  through  a nozzle  submerged  some  distance  below 
the  water  level,  and  the  resulting  mixture  of  water  and  air,  being 
of  less  density,  is  carried  to  the  surface,  where  it  is  discharged. 
In  some  wells  where  considerable  draw-down  is  experienced,  or 
where  the  water  level  is  at  considerable  depth,  air  lifts  of  two  or 
ihree  stages  are  used,  in  which  two  or  three  air  pipes  of  different 
lengths  are  used  alternately,  so  that  the  one  in  use  will  always 
be  sufficiently  submerged. 

Many  of  the  newer  installations  consist  of  electrically  driven 
centrifugal  or  turbine  pumps.  Centrifugal  pumps  are  mounted 
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at  the  ground  surface  or  in  pits  and  can  be  used  only  where  the 
depth  to  water  plus  the  draw-down  does  not  exceed  the  working 
suction  limit.  In  wells  with  greater  depth  to  water  or  greater 
draw-down,  deep-well  turbine  pumps  are  probably  the  most  effi- 
cient. A series  of  connected  turbines  called  bowls  or  stages  (the 
number  of  such  units  depending  on  the  height  the  water  must 
be  forced)  are  submerged  below  the  water  level  (or  just  above 
in  some  wells)  and  are  connected  by  a vertical  shaft  to  a vertical 
motor  or  pulley  at  the  top. 

Some  wells  in  the  area  iiow  at  the  surface  and  therefore  do 
not  have  to  be  pumped  unless  larger  supplies  are  needed.  (See 
pp.  40-41.) 

Unusual  types  of  drilled  ■loells. — There  are  several  wells  of  novel 
construction  in  this  area.  Well  50  and  several  nearby  wells  in 
Clearfield  County  are  drilled  into  abandoned  drifts  in  clay  mines. 
Water  in  the  drifts,  which  are  used  as  infiltration  galleries,  is 
collected  in  reservoirs  beneath  the  wells,  whence  it  is  pumped  to 
the  surface.  Thus  this  method  of  recovery  is  a combination  of 
a drilled  well  and  an  infiltration  gallery.  The  most  unusual  type 
of  drilled  well  encountered  in  the  area  is  the  inverted  well  (no. 
460)  of  the  Berwind-White  Coal  Co.  near  Salix,  Cambria  County. 
A small  supply  of  cold,  noncorrosive  water  was  needed  to  cool 
the  head  of  an  air  compressor  in  a coal-mine  drift  632  feet  below 
the  land  surface,  and  the  inverted  well  shown  in  figure  11  was 
constructed.  Water  is  withdrawn  by  gravity  from  the  bottom 
of  this  well,  where  it  is  under  a pressure  of  about  257  pounds  to 
the  square  inch.  The  well  supplies  20  gallons  a minute  continu- 
ously (all  that  is  needed),  and  there  is  no  operating  cost. 

SPRINGS  23 

In  central  and  south-central  Pennsylvania  many  of  the  domestic 
supplies,  a few  of  the  industrial  supplies,  and  most  of  the  munici- 
pal ground-water  supplies  are  obtained  from  springs.  Small 
springs  are  numerous  in  most  of  the  counties,  and  large  springs 
are  abundant  in  the  limestone  valleys  of  the  Ridge  and  Valley 
province. 

Most  of  the  springs  in  this  area  are  gravity  springs  whose 
water  does  not  issue  under  artesian  pressure  but  which  are  due 
to  an  outcrop  of  the  water  table.  The  water  from  these  springs 
percolates  from  permeable  material  or  flows  from  large  openings 
in  rock  formations,  under  the  action  of  gravity,  somewhat  like 
a surface  stream  flows  down  its  channel.  There  may  be  a few 

22  For  further  details  see  Meinzer,  O.  F.,  Outline  of  ground-water  hydrology 
U.  S.  Geol.  Survey  Water-Supply  Paper  494.  pp.  50-55,  1923. 
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Figure  11.  Diagramniutic  seotioii  oi  inverted  well  of  Uerwind-White  Coal  Co. 
<no.  460)  near  Salix,  Cambria  County.  Water  enters  the  well  through  a 
gravel-packed  slotted  casing,  principally  from  the  Itutfalo  sandstone  mem- 
ber. Corrosive  waters  associated  with  coal  beds  are  eemcnte<l  off.  Dis- 
charge at  bottom  in  mine  drift  used  to  cool  air  compressor — about  20 
gallons  a minute  used.  Geology  after  Fhalen,  W.  C.,  U.  S.  Geol.  Survey 
Geol.  Atlas,  Johnstown  folio  (no.  174),  fig.  6,  1010. 
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artesian  springs  in  the  area,  such  as  no.  44,  Clearfield  County, 
and  possibly  no.  566,  Huntingdon  County. 

The  gravity  springs  may  be  further  classified  as  seepage 
springs,  in  which  the  water  percolates  from  numerous  small 
openings  in  permeable  material;  fracture  springs,  in  which  the 
water  flows  from  joints  or  other  fractures  in  the  rocks ; or  tubular 
springs,  in  which  the  water  flow's  freely  from  large  channels  in 
soluble  rocks.  The  distinctions  between  these  types  of  springs 
are  somewhat  arbitrary,  and  all  may  grade  into  one  another. 

With  respect  to  the  quantity  of  water  discharged,  Meinzer^^  has 
devised  the  following  classification  of  springs  for  convenient  use 
in  the  United  States; 


Classificatioi  of  springs  loiili  respect  to  discharge 


Magnitude 

Discharge 

Magnitude 

Discharge 

First 

. . . . 100  second-feet  or  more 

Fifth 

. , , 10  to  100  gallons  a minute 

Second. 

....  10  to  100  second-feet 

Sixth 

. ...  1 to  10  gallons  a minute 

Third 

....  1 to  10  second-feet 

Seventh  

....  1 pint  to  1 gallon  a minute 

Fourth 

. . . . 100  gallons  a minute  to  1 

second-foot  (448.8  gallons 
a minute) 

Eighth 

....  Less  than  1 pint  a minute 
(less  than  180  gallons  or 
about  5 barrels  a day) 

Central  and  south-central  Pennsylvania  has  no  springs  of  the 
first  magnitude,  but  there  are  many  springs  of  the  second  magni- 
tude and  lower,  the  largest  of  w'hich  are  tubular  springs  in  lime- 
stone or  dolomite,  w'hose  yields  are  summarized  on  page  63. 

Seepage  springs 

Most  of  the  springs  in  the  area  are  seepage  springs  of  the  fifth 
magnitude  or  low'er.  Many  of  these  are  contact  springs,  in  which 
the  water  flows  to  the  surface  from  permeable  material  over  the 
outcrop  of  impermeable  or  less  permeable  material  that  prevents 
the  downward  percolation  of  the  ground  w’ater  and  thus  deflects 
it  to  the  surface.  Contact  springs  are  common  on  the  hillsides 
of  the  plateau  province,  where  nearly  horizontal  beds  of  clay, 
shale,  or  coal  form  the  barriers  that  bring  the  overlying  water 
in  sandstone  or  slate  to  the  surface.  Spring  90,  in  Cleai’field 
County,  and  springs  878  and  879,  in  Somerset  County,  are  typical 
contact  springs.  Some  of  the  large  fracture  or  tubular  springs 
that  issue  from  the  calcareous  Ridgeley  sandstone  (springs  566 
and  591,  in  Huntingdon  County,  and  964,  in  Bedford  County) 
issue  above  shale  contacts  and  therefore  may  also  be  regarded 
as  contact  springs.  There  are  numerous  contact  springs  along 
the  outcrops  of  sandstone  beds  of  the  Conemaugh  and  Allegheny 


“Idem,  p.  53. 


Plate  16 


A.  Roaring  Spring  (no.  529)  at  Roaring  Spring,  Blair 
County.  Reported  to  yield  about  5,500  gallons  a.  minute. 


B.  Small  joints  in  coal  that  might  yield  small  supplies  of  water.  Outcrop  of 
Upper  Freeport  coal  along  highway  in  Conemaugh  Township,  Somerset 

County. 
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spring  566,  in  Huntingdon  County  (about  750  gallons  a minute), 
and  spring  964,  in  Bedford  County  (1,800  gallons  a minute).  The 
waters  from  most  of  the  springs  examined  had  temperatures 
approximating  the  mean  annual  temperature  of  the  air  (see  pp. 
15  and  68),  but  the  water  from  spring  566  in  Huntingdon 
County  had  a temperature  of  64°F.  in  the  summer  of  1933,  and 
the  spring  is  known  as  Warm  Spring.  Possibly  the  water  sinks 
to  considerable  depth  and  then  emerges  in  a warmed  condition 
in  an  artesian  circulation  system. 

Tubular  si>rins»» 

The  largest  springs  in  central  and  south-central  Pennsylvania 
issue  from  tubular  solution  channels  in  limestone  or  dolomite  and 
are  valuable  assets  to  the  large,  fertile  limestone  valleys  of  the 
Ridge  and  Valley  province.  The  early  settlers  of  these  valleys 
chose  tracts  that  contained  one  or  more  of  these  springs,  and 
two  of  the  larger  towns — Bellefonte,  Centre  County,  and  Roaring 
Spring,  Blair  County — are  named  after  large  springs  in  those 
towns. 

The  group  includes  at  least  7 springs  of  the  second  magnitude, 
18  of  the  third  magnitude,  12  of  the  fourth  magnitude,  and 
many  of  the  fifth  magnitude  or  lower,  besides  a great  many 
springs  of  different  magnitudes  for  which  no  records  are  given 
in  this  report.  Bellefonte  Spring  (no.  119),  at  Bellefonte,  Centre 
County,  with  a reported  discharge  of  31  second-feet,  or  about 
14,000  gallons  a minute,  is  the  largest  spring  in  the  area  and  is 
believed  to  be  the  second  largest  in  the  State. ““  (See  pi.  15,  A.) 
Descriptions  and  yields  of  these  large  springs  are  given  princi- 
pally in  the  tabulated  records  in  the  descriptions  of  Bedford, 
Blair,  Centre,  Clinton,  and  Mifflin  Counties,  but  some  are  also 
described  in  the  chapters  on  other  counties  in  the  Ridge  and 
Valley  province.  Big  Spring,  at  Tyrone;  Axemann  Spring,  near 
Bellefonte;  and  Rock  Spring,  near  Spring  Mills,  are  reported  to 
be  of  the  second  magnitude  but  were  not  visited  by  the  writer. 
The  origin  of  the  tubular  solution  channels  is  discussed  on  pages 
46-48. 

Some  tubular  springs  issue  directly  into  surface  streams,  to 
which  they  are  adjusted,  such  as  Mammoth  Spring  ( no.  654), 
in  Mifflin  County.  Some  issue  from  channels  that  have  been  ex- 
posed by  the  down-cutting  of  surface  streams  and  are  situated 
above  drainage  level  on  hillsides,  such  as  Roaring  Spring  (no. 
529),  in  Blair  County.  (See  pi.  16,  A.)  Others  are  portions  of 

-“Meinzer,  O.  E.,  Large  springs  in  the  United  States:  U.  S.  Geol.  Survey 
Water-Supply  Paper  557,  pp.  15-16,  1927. 
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underground  streams  that  have  been  exposed  by  the  collapse  or 
solution  of  the  roofs  above  their  channels,  such  as  spring  144, 
in  Centre  County,  which  issues  from  the  top  of  a deep  sink  hole. 
The  entrance  to  Penns  Cave,  in  Centre  County,  is  a spring  of  this 
type,  but  the  final  discharge  of  the  water  takes  place  at  spring 
143,  which  is  above  the  level  of  Penns  Creek. 

The  tubular  openings  of  most  of  these  springs  are  concealed, 
and  the  water  issues  from  the  bottoms  of  large  pools,  such  as 
Belief onte  Spring  and  spring  115,  Centre  County,  (See  pi.  15,  A, 
B.)  Some,  however,  issue  from  large  caves  in  which  the  orifices 
are  entirely  visible,  such  as  Arch  Spring  (no.  476),  in  Blair 
County.  (See  pi.  12,  B.) 

The  large  tubular  springs  that  issue  above  drainage  level  are 
especially  valuable,  because  their  waters  may  be  impounded  to 
furnish  water  under  pressure  to  some  lower  point  or  to  furnish 
power.  Many  of  the  springs  have  been  impounded  to  run  grist- 
mills, small  generating  plants,  or  to  drive  water  pumps,  such  as 
springs  133,  144,  and  165  in  Centre  County,  241  in  Clinton 
County,  and  529  in  Blair  County.  Hydraulic  rams  are  used  on 
many  springs  of  this  type  to  force  water  uphill  to  farm  houses. 
Springs  550  and  552,  in  Huntingdon  County,  are  so  equipped. 
Part  of  the  discharge  of  spring  506,  in  Blair  County,  is  used  to 
run  a small  overshot  water  wheel  that  drives  a 2-cylinder  force 
pump,  forcing  water  to  a farmhouse  at  the  top  of  a nearby  hill. 
(See  pi.  17.) 

In  common  with  other  types  of  springs  in  the  area,  most  tubu- 
lar springs  have  a variable  discharge,  which  depends  upon  the 
amount  of  precipitation.  Some  are  reported  to  have  a nearly 
uniform  discharge  throughout  the  year;  others  are  reported  to 
yield  from  2 to  10  times  as  much  during  wet  seasons  as  during 
dry  seasons.  The  variable  discharge  of  Thompson  Spring  (no. 
165),  in  Centre  County,  is  discussed  on  page  40  and  shown  in 
plate  10  and  figure  5. 

Ebbing  and  flowing  springs 

Ebbing  and  flowing  or  periodic  springs  are  those  that  have 
relatively  greater  discharge  at  more  or  less  regular  and  frequent 
intervals.  According  to  Meinzer,^^  “Periodic  springs  resemble 
geysers  somewhat  in  their  rhythmic  action  but  are  due  to  an 
entirely  different  cause.  All  or  nearly  all  occur  in  regions  under- 
lain by  limestone,  and  their  rhythmic  action  has  been  supposed 
to  be  due  to  natural  siphons  in  the  rock.  Periodic  springs  may  be 
perennial  or  intermittent.  ” Unpublished  data  concerning  numer- 


Meinzer,  O.  E.,  op.  cit.  (U.  S.  Geol.  Survey  Water-Supply  Paper  494),  p.  64. 
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ous  springs  of  this  type  in  different  limestone  areas  of  the  United 
States  are  in  the  files  of  the  United  States  Geological  Survey. 
The  springs  vary  considerably  in  their  periods  of  both  ebb  and 
flow  and  in  the  amount  of  their  discharge. 

The  only  ebbing  and  flowing  spring  reported  or  observed  in 
central  and  south-central  Pennsylvania  is  Flowing  Spring  (no. 
509),  at  Flowing  Spring  station,  near  the  village  of  Canoe  Creek, 
Blair  County.  When  visited  on  August  28,  1933,  this  spring  had 
a measured  discharge  of  50  gallons  a minute  during  the  ebb 
period.  After  about  an  hour  the  discharge  increased  gradually 
to  at  least  200  gallons  a minute  (estimated)  and  continued  at 
this  rate  for  1 hour  and  15  minutes,  after  which  the  former  rate 
of  50  gallons  a minute  was  resumed.  Thus  the  flow  period  on  this 
date  was  1 hour  and  15  minutes.  The  ebb  period  was  reported 
by  local  residents  to  be  about  3 hours,  but  the  ebb  period  was 
not  checked  by  the  writer.  The  temperature  of  the  water  was 
50°F.  during  both  ebb  and  flow,  and  the  water  was  clear  during 
both  periods.  A sample  of  the  water  was  taken  during  the  flow 
period,  and  the  analysis  is  given  on  page  151. 

INFILTRATION  GALLERIES 

An  infiltration  gallery  or  infiltration  tunnel  is  an  artificial 
tunnel  which  extends  into  the  zone  of  saturation  and  through 
which  water  flows  by  gravity  to  the  surface.  In  this  area  no  such 
tunnels  are  known  to  have  been  constructed  solely  for  the  pur- 
pose of  obtaining  ground  water,  but  several  abandoned  ore 
tunnels  or  mine-drainage  tunnels  have  been  utilized  successfully 
as  infiltration  galleries. 

An  abandoned  drainage  tunnel  (no.  392),  driven  along  the 
Upper  Freeport  coal  furnishes  the  entire  water  supply  for  the 
borough  of  Hastings,  Cambria  County.  The  tunnel  is  reported 
to  be  2 or  3 miles  long  and  drains  mine  workings  under  a large 
hill  between  Patton  and  Hastings.  It  slopes  toward  Hastings  and 
discharges  from  100  gallons  a minute  in  dry  seasons  to  as  much 
as  300  gallons  a minute  in  wet  seasons.  The  water  is  not  treated, 
although  it  is  very  hard,  as  shown  by  the  analysis  on  page  168. 
A description  of  the  supply  and  distributing  system  is  given  on 
page  157. 

An  abandoned  sand  tunnel  (no.  671)  in  the  Ridgeley  sandstone 
of  the  Oriskany  group  furnishes  the  entire  supply  for  the  town 
of  McVeytown,  Mifflin  County.  The  maximum  yield  is  only  about 
30  gallons  a minute,  which,  however,  is  adequate  at  the  present 
time.  The  water  is  of  good  quality.  (See  analysis  on  p.  258, 
also  p.  253.) 
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An  abandoned  iron-ore  tunnel  furnishes  part  of  the  supply  for 
the  towns  of  Orbisonia  and  Rockhill,  in  Huntingdon  County.  No 
data  were  obtainable  regarding  its  yield. 

Doubtless  there  are  other  abandoned  tunnels  in  the  area  that 
might  profitably  be  used  as  sources  of  water  supply. 

MINE  SHAFTS 

Although  the  water  in  the  workings  of  coal  mines  in  the  Alle- 
gheny formation  is  generally  of  undesirable  quality — at  least 
while  mining  is  being  done  (see  p.  53) — many  of  the  mine 
shafts  penetrate  several  hundred  feet  of  the  overlying  Cone- 
maugh  formation,  which  contains  good  water-bearing  beds.  In 
many  of  these  shafts  either  the  good  water-bearing  beds  are 
sealed,  or  their  waters  are  allowed  to  seep  down  and  join  the 
body  of  mine  water.  Some  shafts,  however,  are  equipped  at 
different  depths  with  water  rings — devices  that  catch  and  retain 
the  water  that  falls  from  above,  so  that  it  may  be  pumped  to  the 
surface  and  utilized. 

The  town  of  St.  Michael,  Cambria  County,  receives  its  entire 
water  supply  from  a mine  shaft  thus  equipped  (no.  454).  The 
shaft  is  907  feet  deep  and  is  equipped  with  three  water  rings  at 
depths  of  112,  198,  and  260  feet.  (See  log,  p.  170.)  Most  of  the 
water  is  reported  to  come  from  the  two  lower  rings.  About  325 
gallons  a minute  is  pumped  from  this  shaft,  but  the  maximum 
yield  is  reported  to  be  about  1,800  gallons  a minute.  The  water 
is  reported  to  be  of  good  quality. 

A shallower  shaft  (no.  410)  supplies  the  town  of  Revloc,  Cam- 
bria County,  with  about  25  gallons  a minute,  most  of  which  comes 
from  a ring  at  a depth  of  90  feet,  the  remainder  from  one  at  150 
feet  (see  pp.  158,  162). 
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RELATION  TO  TOPOGRAPHY 

As  the  cultural  development  of  the  area  is  restricted  largely 
to  the  valleys,  it  follows  that  the  principal  development  and  utili- 
zation of  ground-water  supplies  also  are  restricted  largely  to  the 
valleys,  although  some  supplies  are  developed  on  ridges  or  hill- 
sides, and  some  so  developed  are  piped  for  utilization  in  the 
valleys  below. 

In  the  Appalachian  Plateaus  province,  where  the  strata  are 
only  gently  folded,  the  valleys  have  been  cut  down  through  hard 
and  soft  beds  alike,  so  that  the  particular  water-bearing  forma- 
tions that  may  be  encountered  beneath  a given  valley  depend 
upon  the  depth  to  which  the  stream  has  cut.  As  there  are  many 
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different  valleys  cut  to  many  different  depths  in  this  province, 
water-bearing  beds  in  practically  all  the  geologic  formations  are 
utilized  extensively  in  different  valleys. 

In  the  Ridge  and  Valley  province,  however,  where  the  strata 
are  severely  folded,  the  principal  valleys  are  cut  in  the  more 
easily  eroded  rocks,  such  as  shale  and  limestone,  and  the  ridges 
are  the  upturned  edges  of  hard,  resistant  sandstones  and  quart- 
zite, so  that  the  development  and  utilization  of  ground-water 
supplies  are  largely  in  the  valley-forming  rocks — that  is,  shale 
and  limestone.  Thus,  in  this  province  a limited  number  of 
geologic  formations  furnish  most  of  the  ground-water  supplies, 
and  the  remainder,  which  form  ridges,  are  not  accessible  to  wide- 
spread exploitation. 

The  uses  of  ground  water  in  this  area  are  many.  In  the  tabu- 
lated data  in  the  county  chapters  of  this  report,  the  uses  of 
ground  water  are  divided  principally  into  domestic,  livestock, 
industrial,  railroad,  and  public  supplies.  In  addition  some  supplies 
are  further  classified  as  to  their  use  for  irrigation,  generation  of 
power,  fish  hatching,  cooling  or  condensing,  fire  protection, 
bottling,  or  medical  baths.  The  major  uses  are  described  below. 

DOMESTIC  AND  KEI.ATED  SUPPLIES 

Practically  all  the  domestic  supplies  in  rural  areas  and  in  towns 
or  villages  that  have  no  public  water  works  are  obtained  from 
dug  wells,  drilled  wells,  or  springs.  At  first  springs  and  dug 
wells  were  used,  but  in  later  years  drilled  wells  became  more 
popular.  At  the  present  time  most  of  the  good  springs  are  in  use. 
Dug  wells  have  gradually  fallen  into  disfavor,  because  they  are 
subject  to  pollution  and  are  likely  to  fail  in  dry  weather.  Some 
dug  wells  that  have  failed  have  either  been  deepened  by  drilling 
or  abandoned  altogether  and  replaced  by  drilled  wells.  Practic- 
ally all  new  wells  put  down  in  the  area  are  drilled. 

The  domestic  uses  of  water  generally  include  drinking,  cooking, 
washing,  and,  in  modem  houses,  the  disposal  of  sewage.  Water 
from  some  wells  or  springs  may  be  dangerously  polluted,  and 
care  should  be  taken  to  avoid  such  water  or  remove  the  source 
of  the  pollution.  In  this  area  the  ground  water  is  generally  of 
satisfactory  chemical  character  for  all  domestic  purposes,  but 
some  of  it  contains  objectionable  constituents,  such  as  iron  or 
hydrogen  sulphide,  and  some  is  so  hard  as  to  be  unsatisfactory 
for  washing.  In  the  limestone  valleys,  where  the  water  is  hard, 
cisterns  are  used  extensively  to  supply  soft  water  for  washing. 
A few  farms  are  supplied  entirely  by  cisterns,  and  the  large  barn 
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roofs  are  generally  utilized  as  catchment  areas  in  addition  to  the 
house  roofs. 

A few  private  homes  and  nurseries  use  water  from  drilled  wells 
for  irrigating  plants,  but  very  little  irrigating  of  any  kind  is 
practiced  in  this  area,  as  the  rainfall  is  generally  adequate  for 
most  crops.  A few  private  and  commercial  swimming  pools  are 
filled  with  water  from  drilled  wells.  Many  farms  having  springs 
use  ground  water  to  cool  milk  and  other  dairy  products. 

LIVESTOCK  SUPPLIES 

On  many  farms  that  are  favorably  situated,  small  streams  or 
springs  furnish  adequate  supplies  for  livestock.  On  other  farms 
dug  or  drilled  wells  at  the  barn  or  house  are  used. 

INDUSTRIAL  SUPPLIES 

In  these  counties  ground  water  is  used  by  many  industries  for 
many  different  purposes.  For  some  industrial  purposes  water 
must  be  of  a certain  chemical  character,  for  some  it  must  be 
clear,  and  for  others  its  temperature  is  the  most  important  factor. 

The  principal  industrial  use  of  ground  water  in  this  area  is 
for  cooling.  Nearly  all  the  ice  or  refrigerating  plants,  breweries, 
and  dairies  in  the  area  use  ground  water  for  cooling,  chiefly  from 
drilled  wells  but  in  part  from  springs.  Several  electric-light 
plants  also  use  ground  water  for  cooling.  Some  ground  water 
from  wells  is  used  for  air-conditioning  theaters,  and  it  is  likely 
that  many  more  wells  will  be  drilled  for  this  purpose.  The  great 
advantage  of  ground  water  for  cooling  is  not  only  its  relatively 
low  temperature  but  its  uniform  temperature  throughout  the 
year,  which  approximates  very  closely  the  mean  annual  tempera- 
ture of  the  air.  The  average  temperature  of  the  water  in  123 
representative  wells  and  springs  in  all  parts  of  the  area  was 
found  to  be  52.8°F.  The  temperature  of  the  water  in  six  wells 
and  springs  was  only  48°  or  49 °F.,  and  that  of  two  springs  was 
60°  and  64°F.,  but  most  of  the  waters  ranged  in  temperature 
from  50°  to  54°F.  Moreover,  the  temperature  of  the  water  in 
any  one  well  or  spring  probably  does  not  vary  more  than  2°  or  3° 
during  the  year.  In  contrast,  the  temperature  of  surface  water 
may  range  during  the  year  from  less  than  40°  to  more  than  80°. 
In  general  the  chemical  character  of  water  used  for  cooling  is 
unimportant,  but  the  water  in  a few  wells  used  for  this  purpose, 
such  as  well  447,  in  Cambria  County,  contains  so  much  iron  as  to 
clog  the  condenser  pipes  at  frequent  intervals.  (See  discussion 
of  iron  removal  on  pp.  72,  73.) 

Several  fish  hatcheries  in  the  limestone  valleys  of  Bedford, 
Centre,  and  Clinton  Counties  utilize  large  volumes  of  clear,  cold 
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water  from  springs  in  limestone  or  calcareous  sandstone  for 
growing  trout. 

Considerable  ground  water  is  used  in  this  area  for  boilers. 
Water  for  this  purpose  should  be  relatively  free  from  foaming 
and  scale-forming  constituents,  as  described  on  pages  74  and 
76.  In  much  of  the  area  the  ground  water  is  of  suitable  chemical 
character  for  boiler  use,  but  in  some  places  the  water  requires 
treatment  for  reduction  of  hardness,  and  in  some  areas  the 
ground  water  is  probably  too  hard  to  be  economically  softened 
for  boiler  use. 

Laundries  require  large  volumes  of  clear,  soft,  iron-free  water. 
Most  of  the  laundries  are  in  large  towns  or  cities  and  use  munici- 
pal water.  Ground  water  in  some  parts  of  the  area  is  suited  to 
this  purpose,  but  in  most  places  it  would  be  necessary  to  treat 
the  water  for  reduction  of  hardness  and  in  some  places  for  re- 
moval of  iron. 

Large  quantities  of  ground  water  are  used  in  this  area  for  the 
manufacture  of  paper  and  pulp.  According  to  Mr.  Heil,  chief 
engineer  of  the  West  Virginia  Pulp  & Paper  Co.’s  plant  at  Tyrone, 
the  essential  requirement  of  water  for  the  paper  industry  is  that 
it  must  be  clear.  Thus  any  clear  iron-free  water  appears  to  be 
satisfactory,  regardless  of  other  mineral  constituents.  Limestone 
springs  yielding  large  quantities  of  hard,  clear  water  supply 
paper  mills  at  Roaring  Spring,  Williamsburg,  and  in  part  at 
Tyrone.  The  water  for  the  large  paper  mill  at  Lock  Haven  is 
supplied  entirely  from  Bald  Eagle  Creek.  Mr.  Heil  states  that 
most  of  the  paper  mills  in  the  area  were  built  50  or  60  years  ago 
and  were  situated  primarily  with  respect  to  plentiful  supplies 
of  wood,  so  that  some  of  the  mills  do  not  have  an  adequate  water 
supply  at  the  present  time.  Thus  the  Tyrone  plant,  which  re- 
quires 20  million  gallons  of  water  daily  and  sometimes  runs  short, 
has  three  separate  sources — Bald  Eagle  Creek,  Hundred  Springs 
(no.  546,  Huntingdon  County),  and  several  drilled  wells  (nos. 
464  to  467,  Blair  County). 

There  are  many  other  industrial  users  of  ground  water  in  the 
area,  including  brick  plants,  tanneries,  meat-packing  plants, 
swimming  pools,  iron  and  steel  mills,  and  others.  The  use  of 
mine  water  for  washing  coal  is  discussed  on  page  52. 

HAILROAD  SUPl'LIKS 

Railroads  use  water  principally  for  drinking  and  for  locomotive 
boilers.  Probably  most  of  the  water  used  for  drinking  on  trains 
in  the  area  is  obtained  from  the  public  water  supplies  of  the 
larger  towns  and  cities.  The  requirements  of  water  for  locomo- 
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tive  boilers  are  those  discussed  above  for  industrial  boiler  use. 

The  Pennsylvania  Railroad  and  most  of  the  other  railroads 
in  the  area  use  surface  water  almost  exclusively  for  their  loco- 
motive boilers.  The  New  York  Central,  however,  has  several 
drilled  wells  in  Clearfield  County  that  supply  locomotives  ■ satis- 
factorily, but  some  of  these  wells  have  been  abandoned  in  favor 
of  more  suitable  surface  supplies. 

PUBLIC  SUPPLIES 

The  public  water  supplies  for  all  the  cities  and  some  of  the 
boroughs  and  smaller  places  in  the  area  are  obtained  from  sur- 
face streams,  but  records  were  obtained  of  more  than  80  boroughs 
and  villages  that  use  ground  water,  of  which  about  three-fourths 
are  supplied  wholly  by  ground  water  and  about  one-fourth  by 
ground  and  surface  water  combined.  Of  those  using  ground 
water  exclusively  more  than  half  are  supplied  by  springs,  and 
the  remainder  by  drilled  wells,  springs  and  drilled  wells,  infiltra- 
tion galleries,  and  mine  shafts. 

In  addition  there  are  large  institutions  that  utilize  as  much 
ground  water  as  some  of  the  larger  towns,  including  sanitariums, 
prisons,  hotels,  orphanages,  asylums,  and  county  homes  for  old 
people. 

Most  of  the  ground-water  supplies  are  used  without  treatment, 
but  some  are  chlorinated,  and  in  a few  drilled-well  supplies  in 
the  Appalachian  Plateaus  province  the  water  is  treated  for  re- 
moval of  iron  and  reduction  of  hardness. 

Many  of  the  small  towns  and  villages  that  have  no  public  water 
systems  could  readily  develop  safe  and  reliable  public  supplies 
from  wells  or  springs  that  would  safeguard  the  health  of  their 
inhabitants,  especially  in  times  of  drought. 

Information  on  the  public  and  some  of  the  institutional  ground- 
water  supplies  is  given  in  the  county  descriptions  of  this  report. 

QUALITY  OF  WATER 

The  chemical  character  of  the  ground  waters  and  a few  of 
the  surface  waters  of  central  and  south-central  Pennsylvania  is 
shown  by  the  analytical  data  tabulated  in  the  county  descriptions 
of  this  report.  Analyses  are  given  of  92  samples  of  ground  water 
collected  in  1933,  1934,  and  1936  by  the  writer  from  representa- 
tive wells,  springs,  and  infiltration  galleries,  distributed  as  uni- 
formly as  practicable  within  the  area  and  among  the  different 
geologic  formations.  For  the  purpose  of  comparison  analyses  are 
also  given  of  5 samples  of  surface  water  collected  in  1934  and 
1936  from  Centre,  Clearfield  and  Union  Counties.  These  analyses 
were  made  in  the  water-resources  laboratory  of  the  United  States 
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Geological  Survey,  chiefly  by  E.  W.  Lohr  but  in  part  by  Margaret 
D.  Foster  and  W.  L.  Lamar. 

Because  of  lack  of  adequate  funds  only  partial  analyses  were 
made  of  most  of  the  samples,  but  complete  analyses  were  made 
of  a few  of  the  samples  collected  from  the  northern  part  of  the 
area  in  1934. 

All  the  analyses  were  made  after  the  methods  outlined  by 
Collins.^®  In  addition,  the  fluoride  content  of  several  samples 
collected  from  Centre  and  Clearfield  Counties  was  determined  by 
the  method  worked  out  by  Miss  Foster.-" 


CHEMICAL  CONSTITUENTS  IN  UELATION  TO  USE 

Total  dissolved  solids. — The  residue  from  complete  evaporation 
of  a natural  water  consists  mainly  of  the  rock  substances  listed 
below,  with  which  may  be  included  a small  quantity  of  organic 
material  and  a little  water  of  crystallization.  Waters  with  less 
than  500  parts  per  million  of  dissolved  solids  are  generally 
entirely  satisfactory  for  domestic  use,  except  for  the  difficulties 
resulting  from  their  hardness  or  occasional  excessive  iron  con- 
tent. Waters  with  more  than  1,000  parts  per  million  are  likely 
to  contain  enough  of  certain  constituents  to  produce  a noticeable 
taste  or  to  make  the  water  unsuitable  in  some  other  respects. 
However,  some  waters  that  contain  more  than  1,000  parts  per 
million  are  satisfactory  for  domestic  use  and  for  certain  industrial 
uses,  such  as  cooling. 

The  ground  waters  from  most  springs  and  wells  of  shallow  or 
moderate  depth  in  these  counties  range  in  concentration  from  14 
to  about  500  parts  per  million  and  are  satisfactory  for  all  ordi- 
nary uses  if  not  polluted  by  organic  materials.  Samples  collected 
from  5 wells  and  springs,  however,  had  concentrations  of  more 
than  1,000  parts  per  million,  and  one  of  them  had  2,565  parts 
per  million  (spring  992,  Bedford  County).  In  contrast,  four  of 
the  five  samples  of  surface  water  had  concentrations  of  only  16 
to  23  parts  per  million. 

Ground  water  that  percolates  slowly  through  permeable  rocks 
is  likely  to  be  relatively  constant  in  mineral  concentration 
throughout  the  year,  but  ground  water  that  flows  through  solu- 
tion channels  in  limestone  or  dolomite  may  show  seasonal  varia- 

“ Collins,  W.  D.,  Notes  on  practical  water  analyses;  U.  S.  Geol.  Survey 
Water-Supply  Paper,  596,  pp.  235-261,  1928. 

“Foster,  M.  D.,  Colorimetric  determination  of  fluoride  in  water  using  ferric 
chloride:  Ind.  and  Eng.  Chemistry,  Anal,  ed.,  vol.  5,  pp.  234-236,  1933. 

^“Adapted  from  Collins,  W.  D.,  and  Howard,  C.  S.,  Chemical  character  of 
waters  of  Florida;  U.  S.  Geol.  Survey  Water-Supply  Paper  596,  pp.  181-186,  1928. 

’’One  grain  per  U.  S.  gallon  equals  17.118  parts  per  million. 
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tions  in  concentration  that  are  comparable  to  seasonal  fluctua- 
tions in  the  discharge  of  the  channels. 

Silica. — Silica  (SiOa)  is  dissolved  from  practically  all  rocks.  The 
silica  in  a water  may  be  deposited  with  other  scale-forming  con- 
stituents in  steam  boilers,  but  otherwise  it  has  no  effect  on  the 
use  of  water  for  most  purposes. 

In  the  14  samples  from  this  area  for  which  silica  was  deter- 
mined, the  silica  content  is  only  5 to  13  parts  per  million. 

Iron. — Iron  (Fe)  is  dissolved  from  many  rock  materials,  par- 
ticularly from  pyrite  and  other  iron-bearing  minerals.  The  quan- 
tity of  iron  in  ground  water  may  differ  materially  from  place  to 
place,  even  in  waters  from  the  same  geologic  formation.  Thus 
three  samples  of  water  from  nearby  wells  in  a single  geologic 
formation  (wells  82,  85  and  87,  Clearfield  County)  have  iron 
contents  of  0.4  to  28  parts  per  million. 

If  a water  contains  much  more  than  0.1  part  per  million  of 
iron,  the  excess  may  separate  out  after  exposure  to  the  air  and 
settle  as  the  reddish  sediment  common  in  many  well  and  some 
spring  waters.  The  iron  imparts  a disagreeable  taste,  and  stains 
cooking  utensils  and  porcelain  or  enamel  bathroom  fixtures.  Iron 
must  be  removed  before  water  can  be  used  by  laundries  or  for 
making  ice.  The  excess  iron  may  be  removed  from  most  waters, 
by  simple  aeration  and  filtration,  but  a few  require  the  addi- 
tion of  lime  or  some  other  substance,  as  described  below. 

In  this  area  22  of  the  91  samples  of  ground  water  contained 
0.1  part  per  million  or  more  of  iron.^^  Most  of  these  22  samples 
contained  from  0.1  to  7 parts  per  million  of  iron,  but  3 samples 
contained  26  to  28  parts  per  million.  Although  the  22  samples 
containing  excess  iron  came  from  10  of  the  14  counties,  the 
most  common  occurrence  of  iron-bearing  waters  is  in  the  Potts- 
ville  formation  of  the  plateau  province.  (See  fig.  2.)  Iron-bear- 
ing waters  are  locally  called  “sulphur  waters”  in  many  parts  of 
the  area,  but  iron  and  not  sulphur  imparts  the  disagreeable  taste 
and  color.  However,  in  some  iron-bearing  waters  that  also  con- 
tain hydrogen  sulphide  (HgS)  an  excess  of  iron  may  settle  out 
as  the  black  ferrous  sulphide  (FeS).  Such  waters  are  locally 
called  black  sulphur  waters. 

The  Coalport  Borough  Water  Co.  obtains  hard,  iron-bearing 
waters  from  its  two  wells  in  the  Pottsville  formation  (wells  87 
and  88,  Clearfield  County).  Analysis  87a  on  page  205  shows  that 
the  raw  water  contains  28  parts  per  million  of  iron.  Analysis 

The  amount  of  iron  is  not  given  in  the  partial  analyses  unless  0.1  part 
per  million  or  more  was  present,  but  the  amount  of  iron  is  given  in  all  the 
complete  analyses. 
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87b  of  a sample  collected  immediately  after  aeration  shows  the 
same  iron  content,  but  this  sample  began  to  turn  cloudy  soon 
after  collection,  and  the  iron  had  completely  precipitated  within 
20  minutes,  whereas  for  the  sample  of  raw  water  several  hours 
was  required.  Thus  aeration  greatly  speeds  up  the  oxidation  of 
the  iron.  After  aeration  the  Coalport  water  is  treated  with  40 
pounds  of  soda  ash,  50  pounds  of  lime,  and  21/2  pounds  of  alum 
for  every  36,000  gallons,  and  then  filtered.  Analysis  87c  of  the 
aerated,  treated,  and  filtered  water  shows  that  the  water  has 
been  softened  and  all  excess  iron  removed.  Similar  methods  for 
iron  removal  could  be  used  advantageously  on  many  ground-water 
supplies  in  the  plateau  province. 

Calcium. — Calcium  (Ca)  is  taken  into  solution  as  the  bicarbon- 
ate by  the  reaction  of  natural  waters  containing  carbonic  or 
organic  acids  with  calcium  carbonate,  which  is  the  principal  con- 
stituent of  limestone  and  an  important  constituent  of  dolomite. 
It  is  also  dissolved  in  large  quantities  from  gypsum  (calcium 
sulphate). 

Calcium  is  the  most  abundant  metallic  element  in  nearly  all 
the  ground  waters  here  considered  and  is  the  main  cause  of  the 
hardness  of  these  w'aters.  Most  of  the  ground  waters  contain 
from  30  to  90  parts  per  million  of  calcium,  a few  contain  as  little 
as  2 parts  per  million,  and  a few  contain  more  than  200  parts 
per  million.  The  highest  concentrations  of  calcium  in  the  ground 
waters  are  480  and  558  parts  per  million.  (See  analyses  694, 
Mifflin  County,  and  992,  Bedford  County.) 

Magnesium. — Magnesium  (Mg)  is  dissolved  from  practically 
all  rocks  but  mainly  from  dolomite  and  dolomitic  limestones,  by 
reactions  similar  to  those  for  calcium.  In  most  natural  waters 
magnesium  is  much  less  abundant  than  calcium,  but  the  sample 
from  well  283,  Union  County,  contains  slightly  more  magnesium 
than  calcium. 

In  the  45  samples  for  which  magnesium  was  determined  its 
concentration  ranges  from  2.5  to  146  parts  per  million,  but  in 
most  of  the  samples  it  does  not  exceed  70  parts  per  million. 

Magnesium  is  the  only  element  besides  calcium  that  causes 
any  appreciable  amount  of  hardness  in  most  natural  waters. 

Sodium  and  potassium. — Sodium  (Na)  and  potassium  (K)  are 
dissolved  from  practically  all  rocks,  but  they  are  present  only 
in  small  quantities  in  most  of  the  ground  waters  of  these  counties, 
and  potassium  is  less  abundant  than  sodium  in  all  the  samples 
for  which  these  two  elements  were  determined  separately. 
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The  concentration  of  these  two  elements  ranges  from  less  than 
1 to  60  parts  per  million  but  is  generally  less  than  30  parts  per 
million  in  waters  from  most  of  the  springs  and  from  wells  of 
shallow  or  moderate  depth.  Samples  from  well  447,  in  Cambria 
County,  and  from  well  514,  in  Blair  County,  however,  contained 
125  and  453  parts  per  million  respectively  and  probably  repre- 
sent modified  connate  waters — that  is,  sea  water  that  became 
entrapped  in  the  old  marine  sediments  and  subsequently  was 
greatly  diluted  by  ground  water.  Waters  of  this  type  are  essen- 
tially solutions  of  common  salt  (sodium  chloride). 

Brackish  or  salty  water  has  been  reported  in  at  least  10  moder- 
ately deep  to  deep  wells  in  the  area,  including  wells  7 and  10, 
Clearfield  County;  wells  201  and  212,  and  at  depths  of  736  and 
815  feet  in  an  abandoned  test  well  for  gas  near  Hyner,^®  Clinton 
County;  wells  405  and  447,  Cambria  County;  well  514,  Blair 
County;  at  a depth  of  742  feet  in  a test  well  for  gas  (no.  872), 
Somerset  County;  and  at  a depth  of  4,000  feet  in  an  abandoned 
test  well  for  oil  (no.  1057),  Bedford  County.  Inasmuch  as  none 
of  these  wells  are  now  in  use,  except  nos.  447  and  514,  for  which 
analyses  are  given,  the  salt  content  of  their  waters  is  not  known, 
but  the  waters  from  deep  wells,  such  as  no.  1057,  may  be  highly 
concentrated  brines  such  as  those  in  deep  wells  in  southwestern 
Pennsylvania,  described  by  Piper.®^  Alb  but  two  of  these  wells 
are  in  the  plateau  province,  and  these  two  are  adjacent  to  this 
province.  Wells  drilled  to  depths  of  500  feet  or  more  below  drain- 
age level  in  the  plateau  province  are  likely  to  encounter  brackish 
or  salty  water,  particularly  if  they  are  drilled  within  any  of  the 
synclinal  basins  in  which  there  is  very  little  deep-seated  circu- 
lation of  ground  water. 

Moderate  quantities  of  sodium  have  little  effect  on  the  suit- 
ability of  water  for  ordinary  use,  but  if  the  quantity  is  much 
more  than  100  parts  per  million,  it  may  cause  foaming  in  steam 
boilers  unless  special  precautions  are  taken.  Some  natural  waters 
contain  so  large  quantities  of  sodium  salts  that  they  are  injurious 
to  vegetation.  Except  for  a few  salty  waters  in  deep  wells  de- 
scribed above,  none  of  the  ground  waters  of  this  area  would 
injure  vegetation,  and  very  few  of  them  would  foam  in  steam 
boilers. 

Carbonate  and  bicarbonate. — Carbonate  (CO3)  and  bicarbonate 
(HCO3)  in  natural  waters  result  from  solution  of  carbonate  rocks 

Fuller,  M.  L.,  Hyner  gas  pool,  Clinton  County,  Pa.:  U.  S.  Geol.  Survey 
Bull.  225,  p.  394,  1904. 

Piper,  A.  M.,  Ground  water  in  southwestern  Pennsylvania:  Pennsylvania 
Geol.  Survey,  4th  ser.,  Bull.  W 1,  pp.  88-91,  1933. 
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(such  as  limestone,  dolomite,  and  calcareous  shale)  through  the 
action  of  carbonic  acid  in  the  waters.  Carbonate  is  not  generally 
present  in  appreciable  quantities  in  natural  waters  but  is  found 
in  some  treated  waters.  (See  analysis  87c,  Clearfield  County.) 
Most  of  the  formations  in  these  counties  contain  carbonate  rocks 
and  many  of  the  ground  waters  are  therefore  rather  high  ir 
bicarbonate,  ranging  in  concentration  from  0 to  433  parts  pei 
million.  In  most  of  the  waters,  however,  the  concentration  is 
from  10  to  250  parts  per  million.  The  bicarbonate  as  such  has 
little  effect  on  the  use  of  a water. 

Sulphate. Sulphate  (SO4)  in  ground  waters  is  derived  princi- 
pally from  gypsum  (calcium  sulphate)  associated  with  limetone, 
from  the  oxidation  of  pyrite  (FeSs)  and  other  sulphides,  or 
from  connate  waters.  In  the  ground  waters  of  this  area  the 
sulphates  derived  from  the  latter  two  sources  are  generally  of 
low  concentration,  but  some  of  the  calcium  sulphate  waters  are 
of  relatively  high  concentration.  In  the  moderately  concentrated 
waters  sulphate  is  generally  less  abundant  than  bicarbonate  and 
ranges  from  2 to  about  100  parts  per  million.  Two  calcium  sul- 
phate waters,  however,  have  sulphate  concentrations  of  more 
than  1,400  parts  per  million,  the  maximum  being  1,764  parts  per 
million.  (See  analyses  694,  Mifflin  County,  and  992,  Bedford 
County.) 

Sulphate  itself  has  little  effect  on  the  general  use  of  a water. 
Magnesium  sulphate  and  sodium  sulphate,  if  present  in  suffi- 
cient quantity,  impart  a bitter  taste,  as  in  the  water  of  Magnesia 
Spring  (no.  992),  Bedford  County.  Sulphate  in  a hard  water  may 
increase  the  cost  of  softening  and  forms  a hard  scale  in  steam 
boilers  that  is  difficult  to  remove.  Many  of  the  calcium  sulphate 
waters  in  this  area  are  too  hard  to  be  softened  economically. 

Chloride.— Chloride  (Cl)  is  an  abundant  constituent  of  sea  water 
and  is  dissolved  in  small  quantities  from  rock  materials  or  in 
some  localities  comes  from  sewage.  However,  the  sources  of 
chloride  are  many,  and  therefore  its  presence  in  large  quantities 
cannot  be  taken  as  a definite  indication  of  pollution.  In  most  of 
the  moderately  concentrated  ground  waters  of  this  area  the 
chloride  content  ranges  from  0.2  to  about  70  parts  per  million, 
but  in  some  it  is  more  than  100,  and  in  one  well  the  water  con- 
tains 1,250  parts  per  million.  (See  analysis  514,  Blair  County.) 
In  some  of  the  brackish  or  salty  waters  reported  in  deep  wells  of 
the  plateau  province  the  chloride  concentration  may  be  very  high. 
(See  discussion  of  sodium  and  potassium,  above.) 
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Chloride  has  little  effect  on  the  suitability  of  water  for  ordi- 
nary use,  unless  there  is  enough  to  impart  a salty  taste.  Waters 
high  in  chloride,  such  as  that  of  well  514,  may  be  corrosive  if  used 
in  steam  boilers. 

Fluoride. — Fluoride  (F)  is  dissolved  from  certain  fluoride-bear- 
ing minerals  in  rocks.  Drinking  water  that  contains  0.9  part 
per  million  or  more  of  fluoride,  as  it  does  in  some  parts  of  south- 
western United  States,  is  known  to  produce  mottled  enamel  dur- 
ing the  critical  period  of  the  formation  of  the  second  teeth.®® 

Of  the  9 samples  of  ground. and  surface  waters  from  Centre 
and  Clearfield  Counties  that  were  examined  for  fluoride,  only  2 
contained  0.2  part  per  million,  2 contained  0.1  part  per  million, 
and  5 contained  none.  Therefore,  none  of  the  samples  contained 
sufficient  fluoride  to  produce  mottled  enamel  on  teeth. 

Nitrate. — Nitrate  (NO3)  in  water  is  generally  considered  a final 
oxidation  product  of  nitrogenous  organic  material.  Therefore 
its  presence  in  considerable  quantity  in  ground  water  suggests 
the  presence  of  harmful  bacteria  derived  from  privies,  cesspools, 
barnyards,  cultivated  fields,  or  other  places  where  oxidized  nitro- 
genous matter  is  common. 

More  than  half  of  the  samples  of  water  from  these  counties 
contain  less  than  1 part  per  million  of  nitrate,  and  some  of  them 
show  none  whatsoever.  The  nitrate  content  of  the  remainder 
averages  about  6 parts  per  million,  but  several  contain  more  than 
20  parts,  and  a sample  from  a dug  well  in  a field  contains  66  parts 
per  million.  (See  analysis  89,  Clearfield  County.) 

Hardness. — Hardness  of  a water  is  commonly  recognized  by  the 
excessive  quantity  of  soap  needed  with  the  water  in  washing  and 
by  the  curdy  precipitate  that  forms  before  a permanent  lather 
is  obtained.  The  figures  for  hardness  in  the  tables  of  analyses  are 
generally  calculated  from  the  determined  quantities  of  calcium 
and  magnesium,  which  cause  practically  all  the  hardness  of  ordi- 
nary waters.  The  constituents  that  cause  hardness  are  also  the 
active  agents  in  the  formation  of  the  greater  part  of  all  scale 
formed  in  steam  boilers  and  in  other  vessels  in  which  water  is 
heated  or  evaporated. 

Water  with  a hardness  of  less  than  50  parts  per  million  is 
generally  rated  as  soft,  and  its  treatment  for  the  removal  of 
hardness  is  rarely  justified.  Hardness  between  50  and  150  parts 
per  million  does  not  seriously  interfere  with  the  use  of  water  for 
most  purposes,  but  it  slightly  increases  the  consumption  of  soap, 

’“Smith,  H.  V.,  Determination  of  fluorine  in  drinking'  water;  Ind.  and  Eng. 
Chemistry.  Anal,  ed.,  vol.  7,  p.  4,  1035. 
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and  its  removal  by  a softening  process  is  profitable  for  laundries 
or  other  industries  that  use  soap  in  large  quantities.  Treatment 
for  the  prevention  of  scale  is  necessary  for  the  successful  opera- 
tion of  steam  boilers  using  water  in  the  upper  part  of  this  range 
of  hardness.  Hardness  of  more  than  150  parts  per  million  is 
noticed  by  anyone,  and  where  the  hardness  is  200  or  300  parts 
per  million  it  is  common  practice  to  soften  water  for  household 
use  or  to  install  cisterns  to  collect  soft  rain  water.  Where  public 
supplies  are  softened  an  attempt  is  generally  made  to  reduce  the 
hardness  to  about  100  parts  per  million.  The  additional  improve- 
ment from  further  softening  of  a whole  public  supply  is  not 
deemed  worth  the  additional  cost. 

In  the  area  here  considered  4 samples  of  surface  water  and  17 
samples  of  ground  water  have  a hardness  of  50  parts  per  million 
or  less,  the  surface  waters  containing  as  little  as  6 parts  and  the 
ground  waters  as  little  as  8 parts  per  million.  The  hardness  of 
35  samples  of  ground  water  ranges  from  50  to  150  parts  per 
million,  that  of  24  samples  ranges  from  150  to  300  parts,  and  that 
of  16  samples,  three  of  which  have  a hardness  of  more  than  1,000 
parts  per  million,  ranges  from  300  to  1,994  parts.  (See  analyses 
514,  Blair  County;  694,  Mifflin  County;  and  992,  Bedford 
County.) 

Two  processes  for  softening  water  are  in  general  use,  the 
lime  and  soda  process  and  the  exchange-silicate  or  so-called  “zeo- 
lite” process,  which  has  been  developed  in  recent  years.  The  Coal- 
port  Borough  Water  Co.,  which  furnishes  the  only  ground-watei- 
public  supply  in  the  area  that  is  known  to  be  softened,  uses  the 
lime  and  soda  process,  which  also  effectively  removes  the  excess 
iron,  as  described  on  pages  72,  73.  (See  analyses  87a,  b,  and  c, 
Clearfield  County.)  Some  of  the  private  ground- water  supplies  are 
softened  and  relieved  of  excess  iron  by  the  exchange-silicate 
process,  in  which  the  active  agent  is  the  “zeolite,”  an  insoluble 
hydrous  sodium-aluminum  silicate  which  has  the  property  of  ex- 
changing its  sodium  with  the  calcium,  magnesium,  iron,  and  man- 
ganese of  the  hard  water.  When  all  its  exchangeable  sodium  has 
been  replaced  the  silicate  becomes  inactive,  but  it  can  be  readily 
reactivated  by  treatment  with  a solution  of  common  salt  (sodium 
chloride).  The  principal  advantages  of  this  method  are  that  the 
water  can  be  completely  softened  if  desired  and  that  close  techni- 
cal control  is  not  essential,  as  it  is  in  the  lime  and  soda  process. 

Hydrogen  sulphide. — Hydrogen  sulphide  (H2S)  was  not  detected 
in  any  of  the  samples  of  ground  water  from  these  counties  when 
they  were  received  in  the  laboratory,  and  therefore  this  constitu- 
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ent  (present  in  some  of  the  waters)  is  not  shown  in  the  table  of 
analyses.  Hydrogen  sulphide  is  a gas  which  gives  the  character- 
istic odor  to  sulphur  waters.  It  is  formed  during  the  decomposi- 
tion of  eggs  and  other  organic  materials  that  contain  considerable 
sulphur.  Hydrogen  sulphide  in  ground  waters  is  commonly  be- 
lieved to  be  formed  by  the  reduction  of  sulphates. 

Hydrogen  sulphide  in  small  quantities  has  been  detected  or  re- 
ported in  some  of  the  ground  waters,  particularly  those  from  dark 
or  black  shales  in  the  Reedsville,  Marcellus,  Hamilton,  Portage, 
Chemung,  Pottsville,  and  Allegheny  units  of  rocks.  It  usually 
disappears  quickly  when  the  water  is  allowed  to  stand  in  an  open 
vessel.  Treatment  for  the  removal  of  iron  will  insure  the  removal 
of  hydrogen  sulphide  from  most  of  these  waters.  The  water  from 
White  Sulphur  Spring  (no.  1053),  Bedford  County,  contains 
hydrogen  sulphide,  and  part  of  the  sulphur  separates  as  a white 
precipitate  on  the  bottom  and  sides  of  the  pool.  In  some  waters 
containing  both  iron  and  hydrogen  sulphides,  a black  precipitate 
of  ferrous  sulphide  may  form,  but  these  so-called  “black  sulphur 
waters”  were  not  observed  in  this  area.  Aside  from  imparting  a 
slight  odor  and  taste  to  water,  hydrogen  sulphide  is  entirely 
harmless  in  small  quantities. 

Color. — Ground  waters  are  generally  colorless,  but  surface 
waters  are  likely  to  be  noticeably  colored,  even  when  quite  free 
from  suspended  matter.  Color  in  such  water  is  derived  from 
organic  matter.  The  water  that  issues  from  a few  of  the  large 
limestone  springs  has  a slight  bluish  opalescent  color,  but  in  most 
of  these  springs  the  water  is  generally  very  clear. 

Suspended  matter. — The  ground  waters  of  this  area  are  generally 
free  from  suspended  matter,  except  some  of  the  waters  that  con- 
tain an  excess  of  iron.  Some  of  the  wells  and  springs  in  limestone 
discharge  turbid  water  containing  suspended  clay  and  silt,  gener- 
ally only  after  heavy  rains,  but  the  water  in  well  172,  Centre 
County,  is  reported  to  be  turbid  until  after  the  well  has  been 
pumped  several  hours. 

SANITARY  CONSIDERATIONS 

The  analyses  of  water  given  in  the  county  descriptions  show 
only  the  amounts  of  dissolved  mineral  matter  in  the  water  and  do 
not  indicate  the  sanitary  quality  of  the  water. 

Properly  constructed  drilled  wells  are  generally  less  subject  to 
contamination  than  dug  wells  and  springs,  but  great  care  should 
be  exercised  to  protect  every  well  and  spring  used  for  domestic 
or  public  supply  from  pollution  by  organic  material.  Wells  should 
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be  so  located  as  not  to  receive  seepage  from  the  vicinity  of  build- 
ings, barns,  privies,  or  cesspools,  and  should  be  properly  sealed 
at  the  top  to  keep  out  all  surface  water.  In  the  limestone  valleys 
water  in  solution  channels  may  be  polluted  over  large  areas.  Some 
of  the  public  water  supplies  from  wells  or  springs  in  the  area  and 
most  of  the  surface  water  supplies  are  chlorinated. 

UKLATiOX  TO  STH ATKiK AI*H\ 

The  general  character  of  the  ground  water  in  the  different  geo- 
logic formations  or  groups  of  formations  in  these  counties  is 
shown  by  the  accompanying  table  of  minimum  and  maximum 
quantities  of  iron,  total  solids,  and  hardness,  which  is  based  on 
92  representative  analyses.  The  exact  stratigraphic  horizon  of 
the  water-bearing  beds  of  some  wells  is  in  doubt,  as  noted  in  the 
“remarks”  column.  This  table  shows  the  minimum  and  maximum 
of  each  constituent  without  reference  to  any  other  constituent.  All 
the  minima  are  not  necessarily  derived  from  the  same  analyses; 
neither  are  all  the  maxima  derived  from  a single  analysis. 

On  the  basis  of  the  analyses  in  the  next  table,  the  softest  and 
least  concentrated  ground  waters  are  those  from  the  Oswego, 
Juniata,  and  Clinton  formations,  and  the  hardest  and  most  con- 
centrated waters  are  those  from  the  Cayuga  group.  The  waters 
from  the  Cambrian  and  Ordovician  limestones  are  in  general 
noticeably  softer  and  less  concentrated  than  those  from  the 
Silurian  or  Devonian  limestones  (Cayuga  and  Helderberg).  The 
samples  of  water  from  the  Pottsville  formation  contain  more  iron 
in  objectionable  amounts  than  those  from  other  formations  or 
groups.  Additional  notes  on  the  quality  of  the  waters  from  indi- 
vidual formations  are  given  in  the  pages  that  follow. 
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WATER-BEARING  FORMATIONS 

The  areal  distribution  of  the  geologic  formations  described 
below  is  shown  on  the  geologic  map  (pi.  1).  Summary  descrip- 
tions of  the  formations  and  their  water-bearing  properties  are 
given  in  the  generalized  section  on  pages  18-22,  and  the  history 
of  their  deposition  is  given  on  pages  23-31.  Their  local  distribu- 
tion is  given  in  the  county  descriptions  of  this  report.  All  the 
geologic  data  have  been  taken  from  the  published  and  unpublished 
reports  listed  in  the  bibliography;  therefore,  the  sources  of  very 
few  of  these  data  are  separately  acknowledged  by  footnotes  in  the 
following  description.  Most  of  the  data  concerning  the  formations 
of  Cambrian,  Ordovician,  Silurian,  and  Devonian  age  have  been 
taken  from  published  and  unpublished  reports  by  Butts,  supple- 
mented where  necessary  by  other  reports  and  folios  of  the  United 
States  Geological  Survey  and  by  the  county  reports  of  the  Second 
Geological  Survey  of  Pennsylvania.  Most  of  the  data  concerning 
the  formations  of  Carboniferous  age  in  the  plateau  province  have 
been  taken  from  the  United  States  Geological  Survey  folios  and 
Pennsylvania  Geological  Survey  atlases  and  unpublished  reports 
covering  that  area. 

CAMIJKIAN  SYSTEM 
I.OWER  CAMIJRIAN  SERIES 
Waynesboro  formation 

General  features. — The  Waynesboro  formation  is  the  oldest 
formation  known  to  be  exposed  at  the  surface  in  the  area  covered 
by  this  report  and  underlies  the  Pleasant  Hill  limestone.  It  is 
exposed  only  in  a small  wedge-shaped  area  between  two  faults 
in  North  Woodbury  Township,  Blair  County,  but  doubtless  under- 
lies the  Middle  Cambrian  formations  at  other  places.  The  exposed 
part  consists  of  200  or  300  feet  of  green,  purple,  and  dark  shale, 
thin-bedded  fine-grained  greenish  sandstone,  quartzite,  and 
quartzose  conglomerate.  It  is  known  to  be  1,000  to  1,500  feet 
thick  at  its  type  locality  in  Franklin  County. 

Gronnd-ivater  conditions.— The  Waynesboro  is  unimportant  as  a 
source  of  ground  water,  owing  to  its  very  small  area  of  outcrop, 
and  no  data  were  obtained  concerning  its  water-bearing  character. 
However,  its  sandstones,  quartzites,  and  conglomerates  will  prob- 
ably yield  adequate  supplies  for  domestic  use. 

MIDDLE  AND  UPRER  CAMURIAN  SERIES 
Pleasiiiit  Hill  and  Warrior  limestones,  Gatesburg  formation,  and  Mines  dolomite 

General  features. — The  limestones  and  dolomites  of  Middle  and 
Upper  Cambrian  age  have  been  differentiated  and  mapped  in  detail 
only  in  Bedford,  Blair,  Centre,  and  Huntingdon  Counties,  where. 
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from  oldest  to  youngest,  they  are  known  as  the  Pleasant  Hill  and 
Warrior  limestones,  Gatesburg  formation,  and  Mines  dolomite. 
Limestones  of  similar  age  underlie  Ordovician  limestones  in 
Fulton,  Juniata,  and  Perry  Counties  and  may  crop  out  at  the  sur- 
face with  Ordovician  limestones  in  Clinton  and  Mifflin  Counties. 
In  Fulton  County  the  Middle  and  Upper  Cambrian  formations  that 
underlie  the  exposed  Ordovician  limestones  are  the  Elbrook  and 
Conococheague  limestones. 

The  Pleasant  Hill  limestone  (Middle  Cambrian),  which  con- 
formably overlies  the  Waynesboro  formation,  crops  out  in  small 
areas  at  only  three  localities  in  Blair  and  Huntingdon  Counties, 
near  Henrietta,  Canister,  and  Graziers  Mill.  The  lower  300  feet 
of  the  Pleasant  Hill  is  composed  of  thin  layered  argillaceous, 
sandy,  and  micaceous  limestone  with  some  calcareous  shale,  and 
the  upper  200  feet  is  composed  of  thick-bedded  fine-grained  dark- 
gray  limestone.  Its  total  thickness  is  about  500  feet. 

The  Warrior  limestone  (Upper  Cambrian),  conformably  suc- 
ceeding the  Pleasant  Hill  limestone,  is  known  to  crop  out  in  six 
small  areas  in  Bedford,  Blair,  Centre,  and  Huntingdon  Counties, 
the  largest  of  which  is  at  the  type  locality,  near  Warriorsmark, 
Huntingdon  County.  It  is  composed  of  limestone  and  dolomite 
with  some  beds  of  siliceous  shale  or  shaly  sandstone,  quartzite, 
oolite,  and  in  places  edgewise  conglomerate.  The  Warrior  lime- 
stone is  1,250  feet  thick  between  Williamsburg  and  Canister, 
where  it  is  fully  exposed. 

The  Gatesburg  formation  disconformably  overlies  the  Warrior 
limestone.  Its  known  outcrops  cover  considerable  areas  in  Bed- 
ford, Blair,  Centre,  and  Huntingdon  Counties  and  are  character- 
ized by  heavy  mantles  of  residual  sand  and  sandstone  boulders 
derived  from  beds  in  the  formation  by  weathering,  and  by 
growths  of  scrub  oak,  for  which  reason  they  are  known  locally 
as  “The  Barrens.”  The  Gatesburg  is  composed  principally  of 
thick-bedded  coarsely  crystalline  steel-blue  dolomite  with  some 
thin-bedded  fine-grained  dolomite.  The  distinguishing  feature  of 
the  Gatesburg  consists  of  its  many  intercalated  layers  of  sand- 
stone or  quartzite,  some  of  which  are  10  feet  thick.  There  are 
also  a few  beds  of  silicified  oolite  or  oolitic  chert.  In  Bedford 
County  and  southern  Blair  County  the  lower  500  feet,  which  is 
nearly  all  dolomite,  is  called  the  Stacy  dolomite  member,  and  in 
the  same  area  a thin-bedded  limestone  about  100  feet  thick,  near 
the  middle  of  the  Gatesburg,  is  called  the  Ore  Hill  limestone 
member.  The  Gatesburg  is  1,750  feet  thick  in  southern  Blaii 
County,  where  it  is  fully  exposed. 
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The  Mines  dolomite  is  conformable  on  the  Gatesburg  formation 
and  has  the  same  areal  distribution.  It  consists  chiefly  of  coarse- 
grained light-  to  dark-gray  dolomite  and  is  distinguished  from 
the  Gatesburg  by  the  absence  of  sandstone  or  quartzite  and  by  the 
abundance  of  scoriaceous  chert,  much  of  which  is  oolitic.  Its 
thickness  ranges  from  150  to  about  250  feet. 

In  the  Bellefonte  quadrangle,  Centre  County,  where  the  over- 
lying  Larke  dolomite  is  generally  absent,  there  is  a hiatus  be- 
tween the  Mines  dolomite  and  the  Stonehenge  limestone. 

Ground-water  conditions. — Like  the  overlying  Ordovician  lime- 
stones and  dolomites,  the  Cambrian  limestones  and  dolomites  are 
in  general  abundantly  water-bearing,  and  both  together  constitute 
the  most  productive  water-bearers  of  that  part  of  the  area  that 
lies  in  the  Ridge  and  Valley  province.  The  water-bearing  proper- 
ties of  all  these  limestones  and  dolomites  are  discussed  in  some 
detail  on  pages  46-51  of  this  report. 

No  data  were  obtained  concerning  the  occurrence  of  water  in 
the  Pleasant  Hill  limestone,  owing  to  its  small  areal  extent,  but 
its  composition  suggests  that  it  is  probably  a good  water-bearer, 
in  common  with  the  others.  The  Warrior  limestone,  Gatesburg 
formation,  and  Mines  dolomite  yield  adequate  supplies  for  do- 
mestic use  to  wells  that  encounter  solution  channels,  and  owing 
to  the  folded  and  faulted  attitude  of  the  rocks,  these  openings 
appear  to  be  in  fair  abundance,  as  relatively  few  dry  holes  have 
been  reported.  Large  supplies,  such  as  have  been  developed  in 
wells  160  and  161,  in  the  Gatesburg  formation.  Centre  County, 
could  doubtless  be  obtained  in  other  places.  As  the  Gatesburg 
generally  forms  ridges  within  the  limestone  valleys,  some  of  the 
wells  in  it  are  more  than  300  feet  deep.  The  Gatesburg  also  sup- 
plies several  large  springs,  such  as  no.  115,  Centre  County,  and 
no.  502,  Blair  County. 

OIIDOV  ICIAN  SYSTEM 
LOWER  AND  MIDDLE  ORDOVICIAN  SERIES 
Beekmantown  g^roup,  Carlim  limestone^  Black  River  grroup,  and 

Trenton  limestone 

Subdivisions  and  general  features. — Limestones  and  dolomites  of 
Lower  and  Middle  Ordovician  age  have  been  differentiated  and 
mapped  in  detail  in  the  central  and  southeastern  parts  of  the  area. 
In  parts  of  Bedford,  Blair,  Centre,  and  Huntingdon  Counties,  the 
Lower  Ordovician  is  represented  by  the  Beekmantown  group  and 
the  Carlim  limestone,  and  the  Middle  Ordovician  is  represented 
by  the  Black  River  group  and  the  Trenton  limestone.  In  Fulton 
County  the  Lower  Ordovician  is  represented  by  the  Beekmantown 
and  Stones  River  limestones,  and  the  Middle  Ordovician  by  the 
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Chambersbui'g  limestone  and  the  lower  part  of  the  Martinsburg 
shale.  Undifferentiated  Lower  and  Middle  Ordovician  limestones 
also  crop  out  in  Bedford,  Clinton,  Huntingdon,  Mifflin,  Juniata, 
and  Perry  Counties,  although  in  Juniata  and  Perry  Counties  only 
the  upper  part  of  the  Middle  Ordovician  may  be  exposed. 

In  central  Pennsylvania,  where  the  Beekmantown  group  crops 
out  over  large  valley  areas,  it  has  been  divided  into  the  Larke 
dolomite,  Stonehenge  limestone,  Nittany  dolomite,  Axemann 
limestone,  and  Bellefonte  dolomite,  named  from  oldest  to 
youngest.  In  Fulton  County  the  equivalent  Beekmantown  lime- 
stone consists  of  about  2,300  feet  of  thick-bedded,  rather  pure 
limestones,  with  some  interbedded  dolomite  and  marble,  and  a 
few  beds  of  oolite,  limestone  conglomerate,  chert  nodules,  and 
quartz  geodes. 

Where  present,  in  Bedford,  Blair,  and  Huntingdon  Counties, 
the  Larke  dolomite  succeeds  the  Mines  dolomite.  The  Larke  con- 
sists mainly  of  thick-bedded  coarsely  crystalline  dark-blue  dolo- 
mite, which  is  distinguished  from  the  Mines  and  Gatesburg  by 
the  general  absence  of  both  sandstone  and  chert.  Where  present 
it  is  about  250  feet  thick,  but  locally  it  is  absent. 

The  Stonehenge  limestone  consists  chiefly  of  relatively  pure 
blue  limestone  but  contains  some  magnesian  limestone  and  locally 
dark-bluish  dolomite.  In  the  Bellefonte  quadrangle,  where  it  is 
fully  developed,  it  carries  a basal  fossiliferous  limestone  conglom- 
erate. Edgewise  conglomerate  is  common,  and  oolitic  limestone 
occurs  near  the  top  of  the  formation.  In  some  places  calcareous 
shale  occurs  in  the  lower  part  of  the  formation.  The  Stonehenge 
ranges  in  thickness  from  a few  feet  near  Orehill,  Blair  County, 
to  702  feet  near  Bellefonte,  Centre  County.  In  the  Hollidaysburg 
and  Huntingdon  quadrangles,  in  parts  of  Bedford,  Blair,  and 
Huntingdon  Counties,  where  the  Stonehenge  is  generally  absent, 
there  is  a hiatus  between  the  Larke  dolomite  and  the  Nittany 
dolomite. 

The  Nittany  dolomite,  which  conformably  overlies  the  Stone- 
henge limestone  where  that  formation  is  present,  consists  almost 
entirely  of  dolomite,  mostly  light  gray  or  bluish-gray,  fine- 
grained, and  in  layers  as  much  as  2 feet  thick.  In  some  areas,  its 
lower  layers  contain  an  abundance  of  chert,  some  of  which  is 
oolitic.  It  is  readily  distinguished  from  the  Stonehenge  limestone 
below  and  the  Axemann  limestone  above,  but  where  the  Axe- 
mann is  absent,  the  Nittany  is  with  difficulty  distinguishable  from 
the  overlying  Bellefonte  dolomite.  The  Nittany  ranges  in  thick- 
ness from  1,000  to  1,250  feet. 
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The  Axemann  limestone  is  a comparatively  pure  thin-bedded 
dark  bluish-gray  limestone,  with  only  a few  thin  layers  of  dolo- 
mite. Where  present  it  crops  out  in  a narrow  band  between  the 
Nittany  and  Belief onte  dolomites.  In  general  it  ranges  in  thick- 
ness from  50  to  500  feet,  but  it  is  absent  in  parts  of  Blair  and 
Huntingdon  Counties,  where  a local  hiatus  exists  between  the 
Nittany  and  the  Bellefonte. 

The  Bellefonte  dolomite  is  nearly  all  dark  fine-grained  thin-  to 
thick-bedded  dolomite,  lying  between  the  Carlim  limestone  above 
and  the  Axemann  limestone  below.  It  includes  a few  light-gray 
beds,  a little  dove-colored  limestone,  and  a little  chert.  Locally 
in  Centre  County  it  contains  near  the  middle  a sandstone  bed  that 
reaches  15  feet  in  thickness  in  some  places  but  is  absent  in  others. 
The  Bellefonte  dolomite  ranges  in  thickness  from  about  1,000 
feet  in  southern  Blair  County  to  more  than  2,200  feet  at  Belle- 
fonte, Centre  County. 

There  is  believed  to  be  a hiatus  between  the  Bellefonte  dolomite 
and  the  overlying  Carlim  limestone,  owing  to  the  absence  from 
this  area  of  beds  that  occur  at  this  horizon  in  the  Mississippi 
Valley  and  central  Tennessee. 

The  Carlim  limestone  (of  Chazy  age)  overlies  the  Bellefonte 
dolomite  in  the  central  part  of  the  area,  and  in  Fulton  County 
the  Stones  River  limestone,  which  is  equivalent  to  the  Carlim  and 
younger  beds  of  Chazy  age,  overlies  the  Beekmantown  limestone. 
The  Carlim  limestone,  which  is  quarried  extensively  for  flux,  con- 
sists principally  of  pure  dark-bluish  finely  crystalline  limestone, 
with  some  layers  of  dolomite  at  the  base  and  a persistent  siliceous 
and  argillaceous  limestone  10  to  50  feet  thick  at  the  top,  known 
as  the  Lemont  argillaceous  limestone  member.  The  Carlim  lime- 
stone ranges  in  thickness  from  100  to  about  400  feet.  The  Stones 
River  limestone  in  Fulton  County  is  also  largely  pure  limestone 
but  has  some  magnesian  limestones  and  cherts  at  the  middle.  It 
is  not  well  exposed  in  Fulton  County  but  is  675  to  1,050  feet  thick 
in  the  adjacent  Franklin  County. 

There  is  a great  hiatus  between  the  Carlim  limestone  and  the 
overlying  Lowville,  owing  to  the  absence  from  this  region  of 
several  thousand  feet  of  beds  found  in  Tennessee.^® 

The  Black  River  group  is  represented  in  the  central  part  of 
the  area  by  the  Lowville  and  Rodman  limestones,  and  in  Fulton 
County  by  the  Lowville  and  Chambersburg  limestones.  (See 
generalized  section  on  page  21.) 

’“See  Butts.  Charles,  and  Moore,  E.  S.,  Geology  and  mineral  resources  of 
the  Bellefonte  quadrangle,  Pa.:  U.  S,  Geol.  Survey  Bull.  855,  pi.  7,  1935. 
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The  Lowville  limestone,  which  disconformably  overlies  the 
Carlim  limestone,  is  a dark  compact  very  pure  limestone  that  has 
a tendency  to  conchoidal  fracture,  and  like  the  underlying  Carlim 
it  is  quarried  extensively  for  flux.  (See  pi.  6,  B.)  The  Lowville 
ranges  in  thickness  from  a few  feet  to  180  feet  but  is  absent 
near  Lemont,  Centre  County,  where  the  Lemont  argillaceous  lime- 
stone member  of  the  Carlim  limestone  is  overlain  by  the  Rodman 
limestone.  The  Rodman  limestone  is  a thin  but  persistent  thin- 
bedded  impure,  very  fossiliferous  limestone  that  marks  the  top 
of  the  quarry  rock  in  central  Pennsylvania,  as  neither  the  Rodman 
nor  any  overlying  rock  is  quarried.  It  ranges  in  thickness  from 
about  20  to  30  feet. 

In  Fulton  County  the  Chambersburg  limestone  (restricted), 
which  overlies  the  Stones  River  limestone,  consists  of  thin-bedded 
tough  dark  limestone,  generally  very  fossiliferous,  with  irregu- 
lar clayey  partings.  At  the  top  are  interbedded  shales  forming 
a gradation  into  the  overlying  Martinsburg  shale.  The  Chambers- 
burg is  about  100  feet  thick  in  Fulton  County  but  is  as  much  as 
750  feet  thick  in  Franklin  County. 

In  central  Pennsylvania  the  Trenton  limestone  overlies  the 
Rodman  limestone  and  underlies  the  Reedsville  shale.  There  is 
a hiatus  between  the  Rodman  and  Trenton  limestones  in  this 
region.  Here  the  Trenton  limestone  is  a thin-bedded  dark  compact 
or  noncrystalline,  moderately  argillaceous  and  siliceous  limestone. 
It  ranges  in  thickness  from  350  to  630  feet  from  southwest  to 
northeast.  In  Fulton  County  the  Trenton  horizon  is  represented 
by  the  lower  part  of  the  Martinsburg  shale. 

Groiind-ivater  conditions. — Like  the  underlying  Cambrian  lime- 
stones and  dolomites,  the  Lower  and  IMiddle  Ordovician  limestones 
and  dolomites  are  in  general  abundantly  water-bearing,  and  both 
together  constitute  the  most  productive  water  bearers  of  that  part 
of  this  area  that  lies  in  the  Ridge  and  Valley  province.  The  water- 
bearing properties  of  all  these  limestones  and  dolomites  are  given 
on  pages  46-51  of  this  report. 

These  rocks  generally  yield  adequate  supplies  for  domestic  use 
to  wells  that  encounter  solution  channels,  and,  in  common  with 
those  of  Cambrian  age,  these  rocks  appear  to  have  abundant 
openings,  owing  to  the  numerous  folds  and  faults,  as  only  a few 
dry  holes  have  been  reported.  Most  of  the  wells  in  these  forma- 
tions were  put  down  for  domestic  use,  but  large  industrial  or 
municipal  supplies  have  been  obtained  from  these  rocks  where 
needed,  as  in  well  145,  163,  164,  and  172,  Centre  County,  and 
well  545,  Blair  County. 
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Numerous  large  tubular  springs  issue  from  solution  channels 
in  these  limestones  and  dolomites,  the  larger  of  which  are  de- 
scribed on  pages  63-64.  (See  pi.  12, B,  15,  16, A,  and  17.) 

Several  analyses  of  water  from  the  Cambrian  and  Ordovician 
limestones  and  dolomites  summarized  on  another  page  show  that 
waters  from  these  rocks  are  only  moderately  concentrated,  are 
only  moderately  hard,  and  as  a group  are  much  softer  and  less 
concentrated  than  watei's  from  the  Silurian  or  Devonian  lime- 
stones. 


VPPER  OUUO\lClAN  SEKIEJS 
Recdsville  and  Martinsbiirg  shales 

General  featnres. — Overlying  the  Middle  Ordovician  limestones 
is  a thick  shale,  known  in  the  central  part  of  the  area  as  the 
Reedsville  shale  and  in  Fulton  County  as  the  Martinsburg  shale. 
In  the  county  reports  of  the  Second  Geological  Survey  of  Penns- 
sylvania  this  shale  has  been  called  “No.  Ill,”  “Hudson  River  and 
Utica,”  and  “Lorraine  and  Utica”  shale. 

The  Reedsville  crops  out  at  the  base  and  on  the  slopes  of  ridges 
that  surround  numerous  anticlinal  valleys  in  the  Ridge  and  Valley 
province,  and  the  Martinsburg  occupies  a similar  position  in 
Fulton  County.  In  the  central  part  of  the  area  the  Reedsville 
grades  upward  into  the  overlying  Oswego  sandstone.  In  Fulton 
County  and  probably  in  adjacent  parts  of  Huntingdon,  Juniata, 
and  Perry  Counties  the  Martinsburg  shale  as  now  defined  is 
equivalent  to  the  Trenton  limestone,  Reedsville  shale,  and  Oswego 
sandstone  of  central  Pennsylvania  and  underlies  the  Juniata 
formation.  In  Fulton  County  the  lower  800  feet  of  the  Martins- 
burg is  shale  and  the  upper  1,200  feet  is  sandstone, . the  upper 
part  of  which  is  equivalent  to  the  Oswego  sandstone. 

The  Reedsville  consists  chiefly  of  brown,  greenish,  and  black 
clayey  to  sandy  shale,  generally  with  black  shale  in  the  lower 
part,  thin  limestone  beds  or  concretions  at  intervals,  grading  up- 
ward into  gray  sandstone  at  the  top.  Some  of  the  beds  contain 
pyrite,  and  some  of  the  black  shales  are  so  highly  carbonaceous 
or  graphitic  as  to  have  been  mistaken  for  coal.  An  exposure  of 
the  Reedsville  shale  is  shown  in  plate  12, A.  The  shale  mapped 
as  the  Reedsville  ranges  in  thickness  from  about  900  feet  near 
Bellefonte  to  about  1,200  feet  near  Tyrone.  This  shale,  as  mea- 
sured in  other  parts  of  the  area  by  the  Second  Geological  Survey 
of  Pennsylvania,  ranges  in  thickness  from  about  1,000  feet  in 
Centre  County  to  1,870  feet  at  Orbisonia,  Huntingdon  County, 
and  to  about  2,300  feet  in  Mifflin  County.  The  Martinsburg  shale 
in  Fulton  County  is  about  2,000  feet  thick. 
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Ground-zcater  conditions. — The  Reedsville  and  Martinsburg 
shales  generally  yield  small  but  reliable  supplies  of  water  that 
are  adequate  for  domestic  or  stock  use.  Wells  in  this  shale  that 
are  more  than  200  feet  deep  do  not  appear  to  yield  any  more  than 
the  wells  less  than  200  feet  deep.  Well  174,  in  Centre  County, 
was  drilled  616  feet  deep  in  the  Reedsville  shale  in  the  hope  of 
getting  a large  supply,  but  no  additional  water  was  obtained  below 
the  weathered  zone.  This  well  yielded  only  45  gallons  a minute, 
with  a draw-down  of  about  100  feet,  and  40  or  50  gallons  a minute 
appears  to  be  about  the  maximum  yield  obtainable  from  the 
Reedsville  or  the  Martinsburg  regardless  of  depth. 

Two  analyses  of  water  from  the  Reedsville  (no.  649,  Mifflin 
County,  and  no.  1053,  Bedford  County)  are  summarized  on  page 
and  show  the  waters  to  be  moderately  hard.  One  sample  con- 
tains excess  iron,  probably  derived  from  pyrite.  Some  of  the 
waters,  such  as  that  of  spring  1053,  Bedford  County,  contain 
small  quantities  of  hydrogen  sulphide.  Except  for  the  iron  in  one 
sample,  these  waters  would  be  entirely  satisfactory  for  most 
purposes. 

0»wegro  sandstone 

The  Oswego  sandstone  overlies  the  Reedsville  shale  and  under- 
lies the  Juniata  formation  in  central  Pennsylvania  east  of  the 
Allegheny  Front,  where  it  forms  the  inner  and  lower  crest  of 
the  double-crested  ridges  that  surround  the  anticlinal  limestone 
valleys.  The  outer  and  higher  ridges  are  formed  by  the  Tuscarora 
quartzite,  and  the  intervening  space  is  occupied  by  the  Juniata 
formation.  It  also  crops  out  less  conspicuously  in  the  “Seven 
Mountains”  at  the  junctions  of  Centre,  Clinton,  Union,  Snyder, 
Mifflin,  and  Huntingdon  Counties.  The  sandstone  was  called 
“Oneida  conglomerate”  by  the  Second  Geological  Survey  of  Penns- 
sylvania  and  has  been  called  “Tyrone  conglomerate”  and  “Bald 
Eagle  conglomerate”  by  some  geologists.  The  Oswego,  Juniata, 
and  Tuscarora  formations  are  grouped  together  as  the  “Oneida 
and  Medina”  in  most  of  the  county  reports  of  the  Second  Geologi- 
cal Survey  of  Pennsylvania.  In  Fulton  County  sandstone  equiva- 
lent to  the  Oswego  is  included  in  the  upper  part  of  the  jMartins- 
burg  shale.  Along  the  southern  boundary  of  Perry  County  the 
sandstones  equivalent  to  the  Oswego  appear  to  decrease  in  thick- 
ness toward  the  east  and  are  not  represented  at  or  east  of  the 
Susquehanna  Water  Gap.^" 

The  Oswego  sandstone  generally  consists  of  brown  to  gray 
thick-bedded  fine-  to  coarse-grained  sandstone.  Locally  it  con- 


Stose,  G.  W.,  Unconformity  at  the  base  of  the  Silurian  In  southeastern 
Pennsylvania:  Geol.  Soc.  America  Bull.,  vol.  41,  no.  4,  pp.  632-633.  flg.  3,  1930 
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tains  conglomerate  with  both  quartz  and  shale  pebbles  and  some 
beds  of  greenish,  gray,  or  red  shale  or  sandy  shale.  Some  of  the 
sandstone  is  arkosic,  and  some  of  it  is  cross-bedded.  The  general 
absence  of  fossils  and  other  criteria  indicate  its  probable  terres- 
trial origin.  The  Oswego  sandstone  ranges  in  thickness  from  800 
to  1,000  feet  in  the  central  part  of  the  area  but  is  believed  to  be 
absent  in  parts  of  Perry  County,  as  stated  above. 

(.rround-zvater  conditions. — The  Oswego  sandstone  is  unimpor- 
tant as  a source  of  ground  water,  as  it  crops  out  only  on  steep, 
forested  ridges  or  uplands.  It  yields  small  supplies  to  a few  wells 
in  Centre  and  Clinton  Counties  and  to  a few  hillside  springs,  such 
as  no.  177,  Centre  County,  and  no.  253,  Clinton  County.  In  most 
of  these  wells  the  yield  is  surprisingly  low  for  sandstone.  Well 
175,  Centre  County,  is  200  feet  deep  and  yielded  only  20  gallons 
a minute,  with  a large  draw-down,  and  well  176,  nearby,  is  342 
feet  deep  and  yielded  only  55  gallons  a minute,  with  a draw-down 
of  100  feet.  Thus,  at  least  in  its  outcrop  area,  it  appears  to  yield 
no  more  water  than  the  Reedsville  shale.  A sample  of  water  from 
spring  253,  Clinton  County,  contains  only  18  parts  per  million  of 
dissolved  solids  and  has  a hardness  of  only  8 parts  per  million. 
Thus  on  the  basis  of  this  one  analysis  the  Oswego  appears  to 
yield  very  soft  water. 


.Iiiniatn  formation 

General  features. — The  Juniata  formation  overlies  the  Oswego 
sandstone  where  that  formation  is  present  and  overlies  the 
Martinsburg  shale  in  the  southeastern  part  of  the  area.  It  was 
called  the  “Red  Medina”  or  the  “Lower  Medina”  by  the  Second 
Geological  Survey  of  Pennsylvania.  It  crops  out  in  all  the  counties 
of  the  Ridge  and  Valley  province  in  high,  narrow  valleys  between 
crests  of  the  double-crested  ridges  composed  of  Oswego  sand- 
stone and  Tuscarora  quartzite,  and  in  upland  areas  such  as  the 
“Seven  Mountains.” 

The  Juniata  formation  is  composed  almost  wholly  of  red  or 
brown  shale  and  sandstone.  The  sandstones  are  generally  fine- 
grained, micaceous,  and  in  part  cross-bedded;  the  shales  are 
lumpy,  sandy,  and  somewhat  micaceous.  The  formation  is  non- 
fossiliferous  throughout  but  contains  sun  cracks  and  ripple  marks. 
Like  the  Oswego  sandstone,  the  Juniata  is  thought  to  be  of  terres- 
trial origin.  The  Juniata  ranges  in  thickness  from  800  to  1,200 
feet  in  the  central  part  of  the  area  but  is  only  300  to  450  feet 

Classed  as  Silurian  by  E.  O.  Ulrich,  Charles  Butts,  G.  W.  Stose,  and  the 
Pennsylvania  Geological  Survey. 
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thick  in  Fulton  County  and  only  about  68  feet  thick  at  the  Sus- 
quehanna Water  Gap.®® 

Ground-zvater  conditions. — Like  the  Oswego  sandstone  and  the 
Tuscarora  quartzite,  the  Juniata  formation  is  unimportant  as  a 
source  of  ground  water,  owing  to  its  topographic  position.  All 
these  formations  supply  small  hillside  springs  and  contribute 
water  to  the  small  perennial  streams  that  head  in  the  high  ridges 
formed  by  them.  A few'  shallow  domestic  wells  in  mountainous 
areas  obtain  small  supplies  of  water  from  the  Juniata,  but  no  data 
are  available  as  to  its  maximum  water-bearing  capacity.  Only  one 
sample  of  water  (analysis  186,  Centre  County)  was  collected  from 
the  Juniata,  and  it  contained  151  parts  per  million  of  dissolved 
solids  and  had  a hardness  of  150,  indicating  a good  average  water. 

SILURIAN  SYSTEM 
Tuscarora  quartzite 

General  features. — The  Tuscarora  quartzite  overlies  the  Juniata 
formation.  Because  of  its  highly  inclined  attitude  and  extreme 
hardness,  it  forms  the  summit  and  larger  part  of  most  of  the  high, 
even-crested  ridges  that  characterize  the  Ridge  and  Valley 
province.  (See  pi.  3 and  4,B.)  It  is  called  the  “White  Medina” 
or  “Upper  Medina”  in  the  early  geologic  reports.  It  is  the  source 
of  ganister,  the  utilization  of  which  is  described  on  page  13. 
The  Tuscarora  is  a white  to  gray,  medium  thick-bedded  quartzose 
sandstone  or  quartzite,  composed  of  transparent  grains  of  quartz. 
It  ranges  in  texture  from  fine-grained,  firmly  cemented  quartzite 
to  a loosely  cemented  conglomeratic  sandstone.  Locally  it  contains 
red  and  green  argillaceous  sandstone  in  the  upper  20  to  75  feet, 
which  Sw'artz  has  called  the  Castanea  sandstone.  It  is  about 
270  feet  thick  in  Fulton  County,  where  it  is  called  the  Tuscarora 
sandstone,  is  600  to  800  feet  thick  in  the  central  part  of  the  area, 
and  is  about  850  feet  thick  near  Bedford.*^ 

Ground-water  conditions. — Like  the  underlying  Juniata  forma- 
tion and  Oswego  sandstone,  the  Tuscarora  quartzite  is  unimpor- 
tant as  a source  of  ground  water,  owing  to  its  topographic  posi- 
tion on  the  summits  of  the  highest  ridges.  Its  abundant  talus, 
which  is  strewn  over  the  sides  of  the  high  ridges,  supplies  numer- 
ous springs,  such  as  nos.  268  and  280,  in  Union  County.  Well  838, 
on  the  crest  of  Blue  Mountain,  in  Perry  County,  is  the  only  well 
observed  on  the  outcrops  of  the  Tuscarora,  and  it  is  only  a shallow 
well  for  domestic  use.  No  analyses  of  water  from  the  Tuscarora 

Stose,  G.  W..  op.  cit.,  pp.  639,  641. 

’“Swartz,  F.  M.,  Silurian  sections  near  Mount  Union,  central  Pennsylvania 
Geol.  Soc.  America  Bull.,  vol.  45,  pp.  109-111,  February  28,  1934. 

” Bonine,  C.  A..  Unpublished  report  on  the  Bedford  quadrangle. 
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were  made,  but  as  it  is  composed  almost  wholly  of  quartz,  its 
water  is  probably  very  soft  and  similar  to  that  from  the  Oswego 
sandstone.  (See  analysis  253,  Clinton  County.) 

Clinton  formation 

General  features. — The  Clinton  formation  overlies  the  Tus- 
carora  quartzite  and  crops  out  on  the  flanks  of  the  high  ridges 
of  the  Tuscarora  in  all  the  counties  in  the  Ridge  and  Valley 
province.  It  is  composed  chiefly  of  gray  and  greenish  sandstone 
and  shale  and  a small  proportion  of  limestone  and  greenish  and 
red  sandstone.  Most  of  the  limestone  is  in  thin  layers  in  the 
upper  part  of  the  formation.  Thin  layers  of  sandstone  occur  in 
the  middle,  and  thick  sandstones  generally  occur  near  the  top 
and  bottom.  A persistent  hard  coarse-grained  sandstone  near 
the  top,  which  is  locally  calcareous,  fossiliferous,  and  ferrugin- 
ous, is  called  the  Keefer  sandstone  member.  Another  persistent 
red  highly  ferruginous  sandstone  occurs  near  the  base.  In  most 
places  the  Clinton  contains  characteristic  beds  of  fossiliferous 
or  oolitic  hematite  (iron)  ore. 

Swartz,*^  following  the  Maryland  Geological  Survey,  subdi- 
vides the  Clinton  in  central  Pennsylvania  into  the  Rose  Hill 
shale,  the  Keefer  sandstone,  and  the  Rochester  shale,  named  in 
ascending  order.  The  United  States  Geological  Suiwey  recog- 
nizes the  Rochester  age  of  the  post-Keefer  beds  of  the  Clinton 
but  does  not  consider  them  a separate  formation. 

In  most  parts  of  this  area  the  Clinton  is  750  to  800  feet  thick, 
but  near  Bedford  it  appears  to  be  only  640  feet  thick,  and  at 
Honey  Grove,  Juniata  County,  Butts  and  Ulrich  **  found  it  to 
be  940  feet  thick. 

In  most  of  the  county  reports  of  the  Second  Geological  Survey 
of  Pennsylvania  the  Clinton  formation  and  most  of  the  Cayuga 
group  are  mapped  together  as  the  “No.  V”  formation. 

According  to  Butts  there  is  a hiatus  between  the  Clinton 
formation  and  the  overlying  McKenzie  formation,  owing  to  the 
absence  from  this  area  of  beds  representing  the  Lockport  dolo- 
mite, but  Swartz  suggests  the  possible  equivalence  of  the 
McKenzie  and  the  Lockport  and  provisionally  includes  the 
McKenzie  in  the  Niagara  series.  The  United  States  Geological 
Survey  includes  the  McKenzie  in  the  Cayuga  group. 

‘^Swartz,  F.  M.,  op.  cit.,  vol.  45,  pp.  111-121. 

Bonine,  C.  A.,  op.  cit. 

Ulrich,  E.  O.,  Maryland  Geol.  Survey,  Silurian,  pp.  353,  354,  1923. 

Butts,  Charles,  and  Moore,  E.  S.,  Geology  and  mineral  resources  of  the 
Bellefonte  quadrangle.  Pa.:  U.  S.  Geol.  Survey  Bull.  856,  pp.  62,  53,  1935. 

48  Swartz,  F.  M.,  Correlation  of  the  McKenzie  shale  [abstract]:  Geol.  Soc. 
America  Bull.,  vol.  41,  no,  1,  pp.  117-118,  1930;  Silurian  sections  near  Mount 
Union,  central  Pennsylvania:  Geol.  Soc.  America  Bull.,  vol.  46,  pp.  125-126,  1934. 
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Ground-water  conditions. — The  Clinton  formation  supplies 
numerous  domestic  wells  and  a few  industrial  wells,  several  of 
which  flow.  The  shales  that  make  up  the  bulk  of  the  Clinton 
will  probably  not  yield  much  more  than  50  gallons  a minute,  even 
to  deep  wells,  as  shown  by  the  records  of  wells  226,  Clinton 
County,  and  259,  Union  County.  Well  514,  Blair  County,  which 
is  496  feet  deep,  is  reported  to  yield  about  385  gallons  a minute 
from  sandstones  of  the  Clinton.  The  Clinton  also  supplies 
numerous  hillside  springs,  many  of  which  are  used  for  public 
water  supplies,  such  as  spring  333,  Snyder  County,  and  spring 
719,  Juniata  County. 

Five  samples  of  water  from  wells  and  springs  in  the  Clinton 
were  analyzed,  four  of  which  were  very  soft  and  low  in  dis- 
solved mineral  matter.  None  of  the  samples  contain  excess  iron. 
(See  analyses  275,  283,  Union  County;  333,  Snyder  County;  719, 
Juniata  County;  and  p.  81.)  A sample  from  a deep  well  in 
Blair  County  (no.  514),  however,  contains  2,303  parts  per 
million  of  dissolved  solids,  mostly  sodium  chloride  (common 
salt).  This  is  believed  to  be  only  a local  occurrence  of  connate 
water. 


Cayiig;a  group 

Subdivisions  and  general  features. — In  the  central  and  southern 
parts  of  the  area  the  Cayuga  group,  which  overlies  the  Clinton 
formation,  has  been  divided  into  four  formations — in  ascending 
order  the  McKenzie  formation,  the  Bloomsburg  redbeds,  the 
Wills  Creek  shale  (restricted) and  the  Tonoloway  limestone. 
The  thickness  of  the  Cayuga  group  ranges  from  about  750  feet 
in  southern  Fulton  County  to  1,600  feet  in  the  central  part  of 
the  area  and  possibly  2,000  feet  in  Mifflin  County  and  parts  of 
Juniata  County.  In  some  reports  of  the  Second  Geological  Survey 
of  Pennsylvania  the  lower  part  of  the  Cayuga  group  was  mapped 
with  the  Clinton  formation  as  the  “No.  V”  formation,  and  the 
Tonoloway  limestone  was,  at  least  in  part,  included  with  the 
overlying  Helderberg  limestone;  in  other  reports  the  entire 
Cayuga  group  and  the  Helderberg  limestone  were  included  in 
the  Lewistown  limestone;  in  still  others  only  the  Cayuga  group 
was  included  in  the  Lewistown  limestone;  and  in  the  report  on 
Union  and  Snyder  Counties  the  Bloomsburg  was  mapped  sepa- 
rately, the  underlying  beds  were  included  with  the  Clinton,  the 
Wills  Creek  shale  (restricted)  was  separately  mapped  as 
“Salina,”  and  most  if  not  all  of  the  Tonoloway  was  included  with 

"The  Bloomsbuig-  was  formerly  considered  a ba.sal  member  of  the  Wills 
Creek  shale. 
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the  Helderberg.  The  Cayuga  group  forms  fertile  valleys  in  all 
the  counties  of  the  area  that  are  east  of  the  Allegheny  Front. 

The  oldest  formation  of  the  Cayuga  group,  the  McKenzie 
formation,  overlies  the  Clinton  formation  and  in  most  places 
consists  of  greenish  shale  interbedded  with  many  thin  layers  of 
limestone  and  near  the  middle  some  red  shale.  Locally  limestone 
predominates  in  the  lower  part,  and  in  some  places  it  makes  up 
nearly  the  whole  formation.  The  McKenzie  ranges  in  thickness 
from  110  feet  in  Perry  County  to  400  feet  in  the  central  part 
of  the  area. 

The  Bloomsburg  redbeds,  overlying  the  McKenzie  formation, 
generally  consists  of  nonfissile  lumpy  red  shale,  with  lesser 
amounts  of  gray,  green  or  yellow  shale,  red  sandstone,  and 
locally  impure  limestone,  but  along  the  Maryland  boundary  it 
consists  wholly  of  red  sandstone.  In  the  western  and  southern 
parts  of  the  Ridge  and  Valley  province  the  Bloomsburg  is  only 
about  50  feet  thick,  but  its  thickness  increases  greatly  toward 
the  east,  until  in  Perry  County  it  is  more  than  500  feet  thick.  It 
is  about  1,800  feet  thick  in  eastern  Pennsylvania,  where  it  is 
believed  to  represent  the  entire  Cayuga  group. 

The  Wills  Creek  shale  (restricted)  overlies  the  Bloomsburg. 
It  consists  chiefly  of  thin  fissile  calcareous  gray  shale  weathering 
yellow  green,  with  thin  layers  of  limestone  near  the  base  and  at 
many  other  horizons,  and  in  some  places  it  contains  red  shales 
resembling  those  of  the  Bloomsburg.  Crystals  of  gypsum 
(hydrous  calcium  sulphate)  have  been  observed  near  the  base 
and  probably  occur  at  other  horizons,  to  judge  from  the  quality 
of  the  ground  water  described  below.  The  formation  ranges  in 
thickness  from  400  to  500  feet  in  its  western  and  southern  out- 
crops to  perhaps  750  feet  in  its  central  outcrops. 

The  Tonoloway  limestone  overlies  the  Wills  Creek  shale  and 
is  prevailingly  a thin-bedded  to  laminated  fine-grained  impure 
to  fairly  pure  dark-blue  to  nearly  black  limestone,  which  locally 
may  contain  calcareous  shale.  It  is  quarried  in  many  places  in 
preference  to  the  overlying  Helderberg  limestone.  It  is  400  to 
600  feet  thick  in  most  places,  is  about  820  feet  thick  at  Mount 
Union,®®  is  possibly  only  100  to  200  feet  thick  in  the  eastern 
part  of  the  area,  and  is  absent  in  southeastern  Perry  County. 

The  absence  of  the  uppermost  Silurian,  Lower  Devonian,  and 
lower  Middle  Devonian  at  the  Susquehanna  Water  Gap,  in  south- 

Swartz,  C.  K.  and  F.  M.,  Early  Silurian  formations  of  southeastern  Penns- 
sylvania:  Geol.  Soc.  America  Bull.,  vol.  42,  no.  3,  p.  626,  1931. 

Idem,  pp.  656-660. 

’“Swartz,  F.  M.,  Silurian  sections  near  Mount  Union,  central  Pennsylvania: 
Geol.  Soc.  America  Bull.,  vol.  45,  p.  128,  February  28,  1934. 
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eastern  Perry  County,  has  been  held  by  some  geologists  to  be 
due  to  their  having  been  faulted  out.  Recently  Willard  dis- 
covered a small  patch  of  Oriskany  in  fault  relation  to  the  Hamil- 
ton, so  that  at  least  one  of  the  missing  formations  is  now  known 
to  have  been  deposited. 

Ground-water  conditions-  The  Cayuga  group  and  the  overlying 
Helderberg  limestone  are  important  water-bearing  formations  in 
most  of  the  counties  in  the  Ridge  and  Valley  province  and  are 
probably  the  most  productive  water-bearers  in  Union,  Snyder, 
Juniata,  and  Perry  Counties. 

The  McKenzie,  Bloomsburg,  and  Wills  Creek  formations  show 
great  variations  in  both  their  composition  and  their  water-yield- 
ing capacity  from  place  to  place.  Some  wells  that  encounter 
chiefly  shale  yield  only  very  small  supplies,  while  those  en- 
countering highly  calcareous  shale  or  limestone  generally  yield 
moderately  large  supplies.  The  Bloomsburg  generally  yields  only 
small  supplies,  but  its  water,  at  least  in  some  places,  is  of  better 
quality  than  that  of  other  formations  of  the  Cayuga.  (See 
below.)  Owing  to  the  fact  that  calcareous  shale  and  limestone 
respond  somewhat  similarly  to  the  drill,  plus  the  fact  that  the 
entire  Cayuga  group  is  in  general  poorly  exposed,  it  is  diflicult 
in  many  places  to  determine  in  what  part  of  the  Cayuga  group 
a well  may  end. 

As  the  Tonoloway  and  Helderberg  limestones  have  been 
mapped  separately  in  only  a small  part  of  the  area,  and  as  to- 
gether they  constitute  a single  unit  of  limestone  with  similar 
water-bearing  properties,  it  is  difficult  to  determine  which  lime- 
stone supplies  many  of  the  wells.  In  some  respects  their  water- 
bearing properties  are  similar  to  those  of  the  Cambrian  and 
Ordovician  limestones,  but  as  the  Tonoloway  and  Helderberg 
are  relatively  thin,  their  solution  channels  appear  to  be  less 
abundant  than  those  of  the  older  and  thicker  limestones.  How- 
ever, many  of  the  wells  encounter  channels,  and  there  are  several 
large  caverns  and  tubular  springs  in  these  rocks.  Yields  of  500 
gallons  a minute  or  more  have  been  obtained  from  the  Helderberg 
or  Tonoloway,  as  shown  by  the  records  of  wells  215  and  224, 
Clinton  County,  and  several  large  tubular  springs  issue  from 
these  formations,  such  as  no.  277,  Union  County,  and  no.  472, 
Blair  County. 

As  shown  by  the  19  analyses  summarized  on  page  81,  the 
waters  from  the  Cayuga  group  and  Helderberg  limestone  are 

“Willard,  Bradford,  Oriskany  at  Susquehanna  Gap,  Pa,:  Geol.  Sop.  / merica 
Bull.,  vol.  42,  pp.  697-706,  September  30,  1931. 
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generally  harder  and  more  highly  mineralized  than  those  from 
any  other  formations  in  the  area.  Three  samples  contain  from 
1,098  to  2,565  parts  per  million  of  dissolved  solids  and  881  to 
1,994  parts  of  hardness,  due  chiefly  to  calcium  sulphate  derived 
from  gypsum  in  the  rocks.  Only  two  samples  contain  iron  in 
objectionable  quantities,  but  most  of  the  samples  are  too  hard 
for  many  industrial  uses,  and  some  are  unfit  for  practically  any 
use  except  cooling.  The  Helderberg  limestone  and  the  Blooms- 
burg  redbeds  may  yield  water  of  better  quality  than  the  other 
units,  and  the  Wills  Creek  shale  may  yield  the  poorest  water, 
but  the  conditions  mentioned  above  make  this  difficult  of  deter- 
mination in  many  places. 

DEVONIAN  SYSTEM 
LOWER  DEVONIAN  SERIES 

Helderberg'  limestone  “ 

Subdivisions  and  general  features. — The  Helderberg  limestone 
overlies  the  Tonoloway  limestone,  which  was  included  with  it  in 
many  of  the  earlier  reports.  In  parts  of  this  area  and  in  Mary- 
land the  Helderberg  has  been  divided  into  three  limestone  mem- 
bers, the  Keyser  at  the  base,  the  Coeymans  in  the  middle,  and 
the  New  Scotland  at  the  top.  A slight  hiatus  may  exist  between 
the  Keyser  member  and  the  Tonoloway  limestone,  represented  in 
Maryland  by  limestone  that  is  absent  in  this  area.  Another 
hiatus  exists  between  the  New  Scotland  member  of  the  Helder- 
berg and  the  overlying  Oriskany  group,  owing  to  the  absence 
from  this  area  of  the  Becraft  limestone. 

The  Keyser  limestone  member,  which  forms  the  larger  part  of 
the  Helderberg  in  this  area,  consists  of  a lower  series  of  lime- 
stones, generally  with  many  nodular  layers,  and  an  upper  series 
of  relatively  shaly  limestones.  Locally  a pure  massive  limestone 
occurs  near  its  base,  and  in  some  places  it  contains  chert.  In 
thickness  it  ranges  from  about  90  to  200  feet.  The  Coeymans 
limestone  member  ranges  in  character  from  a coarse  crinoidal 
limestone,  sandy  in  its  lower  part,  to  a calcareous  sandstone,  and 
generally  contains  chert.  It  is  generally  only  3 to  10  feet  thick. 
The  New  Scotland  limestone  member  consists  of  shale  and  impure 
limestone  containing  white  chert,  generally  with  a thin  basal 
limestone.  It  ranges  in  thickness  from  10  to  about  60  feet.  The 
thickness  of  the  Helderberg  limestone  ranges  from  150  to  20' 
feet  in  the  northern  and  central  parts  of  the  area  to  280  to  350 
feet  in  southern  Fulton  County. 

For  detailed  desci  iptions  see  Reeside,  J.  B.,  Jr.,  The  Helderberg  limestone 
of  central  Pennsylvania:  U.  S.  Geol.  Survey  Prof.  Paper  108,  pp.  185-225,  1917: 
and  S'wartz,  F.  M.,  The  Helderberg  group  from  central  Pennsylvania  to  south- 
western Virginia:  Pennsylvania  Acad.  Sci.  Proc.,  vol.  3,  pp.  75-88,  1929. 
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Ground-zL'uter  conditions. — The  ground-water  conditions  of  the 
Helderberg’  limestone  and  the  underlying  Tonoloway  limestone 
are  described  on  pages  95-96. 


Oriskany  ;;^roiip 

Subdivisions  and  general  features.--  In  this  area  the  Oriskany 
group  comprises  two  formations — the  Shriver  chert  and  the  over- 
lying  Ridgeley  sandstone.  In  some  early  reports  beds  represent- 
ing the  Shriver  were  called  the  “Stormville  shale”  or  “Oriskany 
shale”  or  were  included  with  the  underlying  Helderberg  lime- 
stone; and  beds  representing  the  Ridgeley  were  called  the 
“Oriskany  sandstone.” 

The  Shriver  chert  varies  greatly  in  character,  ranging  from 
a thin-bedded,  highly  siliceous  limestone  or  calcareous  sandstone 
to  a gray  or  black  shale,  in  part  calcareous.  Generally  there  is 
more  or  less  chert,  locally  in  beds  as  much  as  6 inches  thick.  The 
thickness  of  the  Shriver  in  most  of  the  area  ranges  from  40  or 
50  feet  to  300  feet,  but  it  may  be  absent  in  parts  of  Union 
County;  if  so,  a local  hiatus  exists  there. 

The  overlying  Ridgeley  sandstone  ranges  in  character  from 
an  impure  calcareous  soft  brown  sandstone  to  a pure-white  fine- 
to  coarse-grained  quartzose  sandstone.  In  most  places  it  is  highly 
calcareous  in  the  unweathered  condition,  and  upon  removal  of  the 
calcareous  cement  by  weathering  it  crumbles  to  loose  sand. 
Locally  it  is  conglomeratic.  In  general  the  Ridgeley  is  highly 
fossiliferous,  although  in  many  places  the  fossils  have  been 
leached  out,  leaving  fossil  molds  or  casts.  This  feature  readily 
distinguishes  the  Ridgeley  from  practically  all  other  sandstones 
in  the  area.  Although  relatively  thin,  its  outcrops  generally  form 
sandy  ridges  rising  above  the  shale  and  limestone  valleys.  Such 
ridges  are  especially  prominent  in  Huntingdon  and  Mifflin 
Counties,  where  the  Ridgeley  is  well  developed  and  is  quarried 
extensively  for  glass  sand.  The  thickness  of  the  Ridgeley  ranges 
from  20  feet  to  more  than  200  feet.  (See  p.  13  and  plate  6, A.) 

Ground-water  conditions. — The  Ridgeley  sandstone  is  a produc- 
tive water-bearer  in  Bedford,  Blair,  Huntingdon,  and  Mifflin 
Counties,  but  it  is  relatively  unimportant  in  the  other  counties 
of  the  Ridge  and  Valley  province.  In  the  above  named  counties 
it  yields  adequate  supplies  to  numerous  domestic  wells,  and  at 
Altoona,  Blair  County,  it  supplies  from  125  to  300  gallons  a 
minute  to  a few  industrial  wells  of  moderate  depth.  (See  wells 
493  and  496,  Blair  County.)  Large  supplies  may  be  expected 
from  the  Ridgeley  where  it  is  well  developed  and  where  it  lies 
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below  drainage  level.  However  on  Warrior  Ridge,  in  Huntingdon 
County,  and  similar  ridges,  where  both  the  Ridgeley  and  the 
Shriver  lie  above  drainage  level,  the  leached  sandstone  appears 
to  be  so  permeable  that  most  of  the  water  falling  upon  it  drains 
out  rapidly  to  form  numerous  large  springs  at  the  base  of  the 
hills,  such  as  nos.  566,  570,  591,  Huntingdon  County,  and  no.  764, 
Bedford  County.  Consequently  wells  drilled  on  such  ridges  must 
be  cased  through  considerable  loose  sand  or  sandstone,  and  water 
must  be  sought  in  the  underlying  limestone,  as  exemplified  by 
wells  556,  588,  and  589,  Huntingdon  County.  The  Shriver,  which 
is  less  important  than  the  Ridgeley,  supplies  a few  domestic  wells 
in  the  above  named  counties  and  may  in  part  supply  well  492, 
Blair  County. 

The  Ridgeley  generally  yields  water  of  good  quality,  soft,  and 
low  in  dissolved  mineral  matter.  As  shown  on  page  80,  only  2 
out  of  5 samples  contain  more  than  80  parts  per  million  of  dis- 
solved solids,  and  only  1 sample  contains  excess  iron.  No  samples 
were  obtained  from  the  Shriver. 

MIDDLE  DEVONIAN  SERIES 

Onondaga  formation,  Marcellns  shale,  and  Hamilton  formation 

General  features. — Along  the  Maryland  boundary  the  Onondaga 
formation,  Marcellus  shale,  and  Hamilton  formation  have  been 
mapped  together  in  early  reports  as  the  Romney  shale,  whose 
total  thickness  is  1,400  to  1,500  feet.  Elsewhere  the  three  forma- 
tions have  generally  been  distinguished  and  mapped  separately, 
although  in  some  early  reports  beds  representing  the  Onondaga 
were  included  with  the  Marcellus.  In  recent  detailed  studies 
Willard  uses  the  name  Hamilton  as  a group  term,  and  includes 
in  the  Hamilton  group  the  Marcellus  formation  and  his  Mahan- 
tango  fomiation,  the  latter  equivalent  to  the  Hamilton  forma- 
tion as  used  previously  and  in  this  report.  In  a subsequent 
report  he  also  includes  the  underlying  Onondaga  as  the  lowest 
formation  of  his  Hamilton  group,  and  recognizes  in  the  Onondaga 
in  central  Pennsylvania  an  upper  noncherty  limestone  member 
overlying  a lower  calcareous  shale  member,  and  in  eastern 
Pennsylvania  a cherty  limestone  member  overlying  his  lower 
Esopus  shale  member.  These  formations  generally  form  lowlands 
except  where  resistant  sandstones  in  the  Marcellus  shale  and 
the  Hamilton  formation  form  ridges,  as  in  Perry  County. 

” Willard,  Bradford,  Hamilton  group  of  central  Pennsylvania:  Geol.  Soc. 
•America  Bull.,  vol.  46,  pp.  195-224,  pi.  19,  3 figs.,  February  28,  1935;  Hamilton 
group  along  the  Allegheny  Front,  Pennsylvania;  Idem,  pp.  1275-1290,  2 figs., 
-Vugust  31,  1935. 

“Willard,  Bradford,  The  Onondaga  formation  in  Pennsylvania:  Jour. 
Geology,  vol.  44,  no.  5,  pp.  578-603,  July-August,  1936. 
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The  Onondaga  formation  overlies  the  Oriskany  group.  In  its 
western  outcrops  it  is  composed  largely  of  dark-green  or  bluish 
shale,  some  of  which  is  calcareous,  with  dark-gray  argillaceous 
limestone  at  the  top.  It  is  more  calcareous  toward  the  east, 
where  it  consists  of  dark  blue-gray  to  black  limestone  with  some 
interbedded  black  shale.  Its  thickness  generally  ranges  from  40 
to  about  14.5  feet  except  in  Centre  County,  where  it  appears  to 
be  entirely  absent  locally,  there  being  a slight  hiatus  between 
the  Ridgeley  sandstone  and  the  Marcellus  shale. 

At  Selinsgrove  Junction,  Northumberland  County,  about  145 
feet  of  unfossiliferous  light-gray  calcareous  shale  lying  between 
the  Oriskany  and  the  Onondaga  limestone  was  correlated  by 
Willard  with  the  Esopus  shale  of  eastern  Pennsylvania  and 
New  York  and  later  made  the  lower  calcareous  shale  member  ol 
the  Onondaga  formation. 

The  Marcellus  shale  normally  succeeds  the  Onondaga  forma- 
tion. In  the  eastern  and  western  parts  of  the  area  it  is  composed 
chiefly  of  black  fissile  carbonaceous  shale,  but  in  Perry,  Juniata, 
and  Snyder  Counties  interbedded  sandstones  break  up  the  Mar- 
cellus into  four  members  which  Willard  has  named,  from 
bottom  to  top,  the  “Shamokin  black  shale  member,”  the  “Turkey 
Ridge  sandstone  member,”  the  “Mexico  sandstone  member,”  and 
the  “Mahanoy  black  shale  member.”  Willard’s  two  shale  members 
are  similar  lithologically  to  the  typical  Marcellus.  His  Shamokin 
member,  which  locally  contains  large  siderite  concretions  and 
thin  beds  of  limestone,  attains  a maximum  thickness  of  250  feet 
at  Selinsgrove  Junction,  and  his  Mahanoy  member  attains  a 
maximum  thickness  of  about  200  feet  near  Mexico.  His  Turkey 
Ridge  sandstone  member  consists  of  coarse  hard  olive-gray  sand- 
stone with  a maximum  thickness  of  200  feet  in  Juniata  County. 
His  Mexico  sandstone  member  is  a light-gray  to  white  fine- 
grained sandstone  with  a maximum  thickness  of  275  feet  in 
Juniata  County. 

The  total  thickness  of  the  Marcellus  ranges  from  about  10'^ 
feet  in  the  west  to  675  feet  in  western  Juniata  County,  where 
the  sandstone  members  are  well  developed. 

The  overlying  Hamilton  formation  generally  consists  largely 
of  brown,  yellow,  olive-green,  and  black  shales,  with  some  inter- 
bedded sandstones,  but  in  some  places  the  sandstones  are  quite 
thick  and  predominate.  Willard  has  introduced  the  name 

“Willard,  Bradford,  The  Devonian  section  at  Selinsgrove  Junction,  Pa. 
Am.  Midland  Naturalist,  vol.  13,  no.  4,  p.  228,  1932. 

“Willard,  Bradford,  Hamilton  group  of  central  Pennsylvania-  Geol.  Soc. 
.4.merica  Bull.,  vol.  46.  pp.  202-204,  February  28,  1935. 

” Idem.  p.  205. 
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“Mahan tango  formation”  to  replace  the  name  Hamilton  forma- 
tion, and  in  central  Pennsylvania  he  recognizes  in  it  three  faunal 
facies — the  Skaneateles,  Ludlowville,  and  Moscow — and  two  im- 
portant lithologic  phases — the  Montebello  sandstone  of  Claypole 
and  a continental  phase  which  he  calls  “Knobsville.”  The  massive 
coarse  sandstone  phase  is  about  1,000  feet  thick  in  southern 
Dauphin  and  Perry  Counties,  where  it  is  regarded  by  Willard  as 
representing  practically  all  of  Skaneateles  and  Ludlowville  time, 
but  it  thins  and  ultimately  disappears  to  the  northwest,  in 
Juniata  and  Snyder  Counties,  and  to  the  northeast,  in  counties 
adjacent  to  the  area.  The  continental  phase  comprises  800  to  1,000 
feet  of  fresh-water  red  or  green  beds  developed  locally  in 
northern  Fulton  County,  and  according  to  Willard  it  extends 
from  a horizon  near  the  base  of  his  Hamilton  into  beds  younger 
than  Hamilton. 

In  Bedford  County  Willard  finds  his  Mahantango  in  three 
parts,  from  bottom  to  top,  a shale  exposed  on  Gander  Run,  a 
sandstone  at  Chaney sville,  and  a shale  seen  near  Frame  school. 
The  sandstone  at  Chaney  sville  (182  feet  thick)  differs  lithologic- 
ally from  the  Montebello  sandstone  member  of  Claypole  and  is 
not  correlated  with  it.  These  localities  are  between  Warrior 
Ridge  and  Polish  Mountain  in  Monroe  and  Southampton  Town- 
ships. 

The  thickness  of  the  Hamilton  ranges  from  about  500  feet  in 
western  Juniata  County  to  1,375  feet  in  Bedford  County. 

Ground-zvater  conditions. — The  Onondaga  is  a rather  poor  water- 
bearer  and  is  relatively  unimportant  owing  to  its  small  areal 
extent.  It  yields  small  supplies  to  a few  domestic  wells  and  may 
contribute  somewhat  to  the  supply  of  two  industrial  wells  (nos. 
574  and  576,  Huntingdon  County),  but  it  probably  will  not  yield 
large  supplies,  as  in  most  places  it  consists  largely  of  shale.  A 
single  analysis  of  water  that  may  have  been  derived  from  the 
Onondaga  indicates  a good  moderately  hard  average  water  (no. 
374,  Snyder  County). 

The  Marcellus  shale  is  also  a rather  poor  water-bearer  but 
generally  yields  from  1 to  about  10  gallons  a minute  to  wells  of 
moderate  depth.  In  common  with  the  Reedsville  shale,  the  Mar- 
cellus generally  does  not  yield  appreciably  more  water  to  deep 
wells  than  to  shallow  wells,  as  indicated  by  wells  520,  Blair 
County,  and  623,  Huntingdon  County.  Probably  30  to  40  gallons 

“Claypole,  E.  W..  A preliminary  report  on  the  paleontology  of  Perry 
County,  Pa.:  Pennsylvania  Geol.  Survey,  2d  ser.,  vol.  Fs,  p.  67,  1885. 

“Willard,  Bradford,  Hamilton  group  along  the  Allegheny  Front,  Pa.:  Geol. 
Soc.  America  Bull.,  vol.  46,  p.  1279,  August  31,  1935. 
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a minute  represents  the  maximum  yield  obtainable  from  the 
Marcellus.  The  shales  of  the  Hamilton  formation  appear  to  yield 
no  more  than  the  Marcellus  shale,  as  shown  by  the  record  of 
well  219,  Clinton  County.  Wells  of  moderate  depth  that  en- 
counter water-bearing-  sandstones  in  the  Hamilton  yield  moder- 
ately large  supplies,  as  shown  by  the  records  of  wells  572  and 
573,  Huntingdon  County,  which  yield  90  and  300  gallons  a minute, 
respectively,  with  small  draw-down.  The  maximum  water-yield- 
ing capacity  of  these  sandstones  has  not  been  exploited  beyond 
domestic  needs  elsewhere  in  the  area.  On  the  basis  of  5 analyses 
the  waters  from  the  Marcellus  and  Hamilton  are  generally  only 
moderately  mineralized  and  moderately  hard,  except  for  the 
sample  obtained  from  well  573,  Huntingdon  County,  which  con- 
tains 640  parts  per  million  of  dissolved  solids  and  has  a hardness 
of  464  parts.  Excess  iron  was  present  in  3 of  the  samples,  and 
hydrogen  sulphide  and  excess  iron  were  reported  in  the  waters 
of  several  other  wells  in  each  formation.  Probably  these  con- 
stituents are  derived  from  pyrite  associated  with  the  dark  car- 
bonaceous shales  in  both  formations. 

UPPER  DEVONIAN  SERIES 
TuUy  limc.stone  and  Portage  group 

Subdivisions  and  general  features. — In  the  reports  of  the  Second 
Geological  Survey  of  Pennsylvania  the  rocks  between  the  Hamil- 
ton and  the  Chemung  formations  were  classified  as  Genesee  and 
Portage,  and  in  the  reports  on  Centre  and  Clinton  Counties  a 
limestone  now  regarded  as  the  Tully  was  erroneously  mapped 
with  the  Helderberg  limestone.  In  Maryland  rocks  of  this  age 
were  included  with  the  Chemung  in  the  Jennings  formation.  In 
his  description  of  the  Ebensburg  quadrangle  Butts  recognized 
the  Genesee  shale  by  its  lithologic  similarity  to  the  Genesee  of 
New  York,  and  applied  the  name  “Nunda  formation”  to  the  over- 
lying  rocks  of  Portage  age.  Later,  in  his  description  of  the  ad- 
jacent Hollidaysburg  and  Huntingdon  quadrangles.  Butts 
divided  the  Portage  group  into  two  formations,  the  Brallier  shale 
above  and  the  Harrell  shale  below.  The  bed  Butts  had  previously 
mapped  as  Genesee  was  made  the  Burket  black  shale  member  at 
the  base  of  the  Harrell,  because  it  carried  no  distinctive  Genesee 
fossils,  and  the  Genesee  was  regarded  as  absent.  Willard  sug- 
gests the  possible  equivalence  of  the  Burket  and  the  Genesee  of 
New  York.  A foot  of  limestone  that  in  places  occurred  beneath 

“Butts,  Charles,  U.  S.  Geol.  Survey  Geol.  Atlas,  Ebensburg  folio  (no.  133). 
p.  2,  1905. 

“Butts,  Charles,  Geologic  section  in  Blair  and  Huntingdon  Counties,  cen- 
tral Pennsylvania:  Am.  Jour.  Sci.,  4th  ser.,  vol.  46,  pp.  523-524,  1018. 

“Willard,  Bradford,  Portage  group  in  Pennsylvania:  Geol.  Soc.  America 
Bull.,  vol.  46.  p.  1217.  August  31.  1935. 
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the  Burket  was  placed  in  the  Hamilton,  although  Butts  recognized 
from  its  distinctive  fossils  that  it  was  probably  the  feather  edge 
of  the  Tully  limestone.  The  presence  of  the  Tully  limestone  in 
Pennsylvania  was  later  definitely  established  by  Willard.®^  In  a 
recent  study  of  the  Portage  group  throughout  Pennsylvania 
Willard  ®*  has  divided  the  group  into  two  different  formations 
called  the  “Fort  Littleton”  and  the  underlying  “Rush.”  He  in- 
cludes in  his  Rush  formation  the  Tully  limestone  ®®  as  the  basal 
member,  followed  by  the  Burket  black  shale  member  of  Butts. 
The  Harrell  shale  (minus  the  Burket  member)  and  the  Brallier 
shale  of  Butts  are  the  lower  members  of  Willard’s  Fort  Littleton 
formation  and  are  followed  above  by  three  other  members, 
named  the  “Losh  Run  shale,”  “Trimmers  Rock  sandstone,”  and 
“Parkhead  sandstone.”  Willard’s  Losh  Run  shale  appears  to  be 
a faunal  facies  recognized  within  the  Brallier  at  some  places, 
and  his  Trimmers  Rock  sandstone  may  be  regarded  as  a sandy 
phase  of  the  upper  part  of  the  Brallier  in  the  eastern  part  of  the 
area.  According  to  Butts,®®  Willard’s  Parkhead  member  may  be 
of  Chemung  age. 

In  this  area  the  Tully  limestone  is  thickest  in  Clinton  County, 
where  it  consists  of  at  least  185  feet  of  hard  gray  thin-bedde^ 
limestone  containing  dark  shale  partings  between  the  beds  and 
numerous  pyrite  nodules.  It  is  only  40  feet  thick  in  Centre 
County,  about  1 foot  thick  in  Blair  County,  and  absent  or  only  a 
few  inches  thick  in  the  other  counties.  Where  it  is  absent  the 
Hamilton  and  the  Portage  are  separated  by  a hiatus. 

The  Burket  black  shale  member  consists  entirely  of  black  fissile 
shale.  It  is  50  to  80  feet  thick  along  the  Allegheny  Front,  110 
feet  in  Perry  County,  but  locally  absent  in  Bedford  County. 

The  Harrell  shale  (exclusive  of  the  Burket  member)  consists 
of  very  soft  brownish-gray  or  olive-green  fissile  shale.  Its  thick- 
ness, including  the  Burket  member,  ranges  from  100  to  about 
400  feet. 

The  Brallier  shale  along  the  Allegheny  Front  consists  chiefly 
of  pale  greenish-gray  micaceous,  sandy,  and  slaty  shale.  Beds 
of  hard  fine-grained  greenish  or  bluish  sandstone  generally  occur 
at  intervals  throughout  the  formation,  especially  near  the  top. 
From  Huntingdon  and  Fulton  Counties  eastward  the  upper  part 

Willard,  Bradford,  A Tully  limestone  outcrop  in  Pennsylvania:  Pennsyl- 
vania Acad.  Sci.  Proc.,  vol,  8,  pp.  67-62,  1934;  Hypothyrullna  venustuln  (Hall) 
in  Pennsylvania;  Am.  Jour.  Scl.,  6th  ser.,  vol.  29,  pp.  93-97,  February  1936. 

“Willard,  Bradford,  Portage  group  in  Pennsylvania;  Geol.  Soc.  America 
Bull.,  vol.  46,  pp.  1196-1218,  August  31,  1936. 

“The  Tully  limestone  Is  considered  a separate  formation  by  the  United 
States  Geological  Survey. 

“ Personal  communication. 
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of  the  Brallier  shale  is  composed  largely  of  this  hard  ridge- 
making sandstone — the  Trimmers  Rock  sandstone  of  Willard. 
The  Brallier  ranges  in  thickness  from  about  1,200  feet  in  Fulton 
County  to  about  2,200  feet  in  Huntingdon  County. 

Ground-water  conditions.—  No  wells  were  observed  in  the  Tully 
limestone  in  Centre  and  Clinton  Counties,  where  the  formation 
is  fairly  thick,  and  it  is  thin  or  absent  elsewhere  in  the  area.  The 
numerous  shale  partings  indicate  that  it  is  probably  not  a good 
water-bearer. 

Most  of  the  wells  in  the  Portage  group  are  shallow  domestic 
wells  that  yield  from  half  a gallon  to  about  10  gallons  a minute. 
The  only  wells  reported  to  obtain  water  from  sandstones  in  the 
Portage  are  likewise  domestic  wells  with  similar  yields.  Possibly 
large  supplies  could  be  obtained  from  it  in  the  eastern  part  of 
the  area,  where  it  contains  considerable  sandstone.  Two  indus- 
trial wells  (nos.  489  and  490,  Blair  County)  indicate  about  the 
maximum  yields  obtainable  from  shales  of  the  Portage.  One  well 
yields  only  30  gallons  a minute,  with  a draw-down  of  110  feet; 
the  other  yields  22  gallons  a minute,  but  the  draw-down  at  15 
gallons  a minute  is  30  feet.  Thus  in  general  the  Portage  is  rather 
a poor  water-bearer,  but  it  can  be  depended  upon  for  domestic  or 
small  industrial  supplies. 

On  the  basis  of  four  analyses  (nos.  383,  489,  740,  and  1156, 
p.  80)  the  waters  of  the  Portage  are  only  moderately  mineral- 
ized and  moderately  hard,  and  none  of  the  samples  contain  excess 
iron.  Some  of  the  waters  contain  small  quantities  of  hydrogen 
sulphide.  These  waters  appear  to  be  somewhat  softer  and  less 
mineralized  than  those  from  the  underlying  Onondaga,  Marcellus, 
and  Hamilton  fonnations  but  are  somewhat  harder  and  more 
mineralized  than  those  from  the  overlying  Chemung  and  Catskill 
formations. 

Chemung  and  Catskill  formations 

General  features.--  The  Chemung  and  Catskill  formations  over- 
lie  the  Portage  group  and  underlie  the  Pocono  formation.  They 
form  rolling  hills  in  the  Ridge  and  Valley  province  and  form  the 
foothills  along  the  east  slope  of  the  Allegheny  Front.  The 
boundary  between  the  marine  Chemung  formation  and  the  con- 
tinental Catskill  formation  is  difficult  to  define  for  the  area  as 
a whole,  owing  to  the  fact  that  the  Catskill,  as  now  considered, 
is  a continental  phase  of  Devonian  sedimentation  that,  when 
traced  from  west  to  east  across  the  area,  is  found  to  extend 
downward  gradually  through  the  Chemung  and  finally  into  the 
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Portage  at  Selinsgrove  Junction,  where  Willard  believes  there 
is  no  marine  Chemung.  For  this  reason  much  of  what  has  been 
mapped  as  Catskill  is  of  Chemung  age.  A more  complete  treat- 
ment of  this  complex  problem  is  given  by  Willard.®* 

The  Chemung  formation  consists  largely  of  gray,  drab,  green, 
brown,  and  chocolate-colored  shale  and  shaly  sandstone  but  con- 
tains some  thin  beds  of  sandstone  and  conglomerate.  Most  of  the 
brown  or  chocolate-colored  shales  are  confined  to  the  upper  third, 
and  the  lower  two-thirds  contains  largely  gray,  drab,  or  green 
beds.  Layers  of  red  shale  occur  near  the  top  in  the  western 
exposures  and  at  lower  points  in  the  eastern  exposures.  The 
formation  contains  abundant  marine  fossils  throughout  except  in 
the  red  beds.  In  the  Huntingdon  and  Hollidaysburg  quadrangles 
Butts  has  named  some  of  the  prominent  sandstones  and  con- 
glomerates— in  descending  order  the  Piney  Ridge  sandstone 
member,  the  Allegrippis  sandstone  member,  and  the  Saxton  con- 
glomerate member.  The  marine  Chemung  is  3,500  feet  thick  in 
Huntingdon  and  Bedford  Counties  but  is  considered  absent  at 
Selinsgrove  Junction,  where  the  beds  of  Chemung  age  are  all  of 
the  nonmarine  red  Catskill  type. 

The  Catskill  formation  consists  mainly  of  red  to  brown  shale 
but  contains  also  red,  brown,  and  gray  sandstone  and  gray  and 
greenish  shale.  The  shale  is  generally  a coarse,  lumpy  mudrock. 
The  sandstone  is  generally  fine-grained,  hard,  and  in  thin  beds, 
although  a few  of  the  sandstone  beds  are  20  to  50  feet  thick. 
Some  of  the  sandstones  are  cross-bedded,  and  many  of  the  beds 
exhibit  sun  cracks  and  ripple  marks.  The  Catskill  interfingers 
in  the  west  with  the  marine  Chemung  and  in  the  east  with  the 
marine  Portage,  so  that  marine  fossils  are  found  near  the  base 
of  the  Catskill.  The  exposed  Catskill  ranges  in  thickness  from 
1,200  to  2,000  feet  along  the  Allegheny  Front  to  perhaps  5 000 
feet  in  Perry  County.  There  is  evidence  that  the  Catskill  under- 
lying the  plateaus  west  of  the  Allegheny  Front  is  considerably 
thinner  toward  the  west  and  ultimately  dies  out  in  Fayette 
County.^" 

Ground-water  conditions. — Most  of  the  drilled  wells  that  tap  the 
Chemung  formation  are  domestic  wells  that  range  in  depth  from 
12  to  210  feet  and  in  reported  yield  from  1 to  5 or  10  gallons  a 

‘’’Willard,  Bradford,  The  Devonian  section  at  Selinsgrove  Junction,  Pa., 
Am.  Midland  Naturalist,  vol.  28,  no,  4,  pp.  232-235,  July  1932. 

Willard,  Bradford,  “Catskill”  sedimentation  in  Pennsylvania:  Geol,  Soc. 
America  Bull.,  vol.  44,  pp.  495-516,  June  30,  1933. 

•’“Butts,  Charles,  U.  S.  Geol.  Survey  Geol.  Atlas,  Huntingdon-Hollidaysburg 
folio  (no.  227)  [in  press]. 

’“Willard,  Bradford,  op.  cit.,  pp.  498-501,  June  30,  1933. 
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minute.  Of  four  wells  that  were  reported  to  yield  only  about  1 
gallon  a minute,  two  end  in  sandstone  and  two  end  in  shale.  Two 
industrial  wells  in  Perry  County  (nos.  823  and  824)  are  270  and 
300  feet  deep  and  were  reported  to  yield  80  to  85  gallons  a 
minute  from  sandstones  of  the  Chemung.  A draw-down  of  100 
feet  was  reported  in  testing  the  300-foot  well  at  100  gallons  a 
minute.  The  domestic  wells  in  the  Catskill  are  similar  in  depth 
to  those  in  the  Chemung,  but  some  of  their  reported  yields  are 
less.  Out  of  about  10  wells  in  the  Catskill  reported  to  yield  1 
gallon  a minute  or  less,  two  wells  ending  in  sandstone  were  re- 
ported to  yield  only  about  one-sixth  of  a gallon  a minute.  Two 
industrial  wells  in  Perry  County  (nos.  839  and  840)  are  338  and 
330  feet  deep  and  are  reported  to  yield  respectively  30  and  40 
gallons  a minute  from  shales  of  the  Catskill.  Thus  in  general  the 
Chemung  and  Catskill  foraiations  are  rather  poor  water-bearers 
even  to  deep  wells  that  encounter  sandstone. 

In  the  Ridge  and  Valley  province  the  waters  of  the  Chemung 
and  Catskill  are  generally  of  good  quality  for  most  pui^ioses. 
Five  analyses  indicate  that  the  waters  contain  moderate  quanti- 
ties of  dissolved  minerals  and  are  generally  soft  or  only  slightly 
hard  (nos.  522,  564,  840,  1145,  p.  80).  Two  of  the  samples 
analyzed  contained  about  0.2  part  per  million  of  iron,  and  the 
rest  contained  less  than  0.1  part. 

In  the  plateau  province  wells  drilled  deep  enough  to  encounter 
the  Catskill  or  Chemung  are  likely  to  encounter  salt  water.  How- 
ever, these  formations  are  deeply  buried  in  most  parts  of  the 
plateaus.  A “large”  yield  of  salt  water  in  the  Catskill  was  re- 
ported at  a depth  of  450  feet  from  well  201  in  northera  Clinton 
County.  Further  discussion  of  the  occurrence  of  salt  water  in 
this  province  is  given  on  page  74. 

CARBONIFEROUS  SYSTEM 
MISSISSIPPIAN  SERIES 
Pooono  formation 

General  features  and  subdivisions. — The  Pocono  foiTnation  con- 
sists largely  of  hard,  resistant  sandstone  and  is  one  of  the  three 
principal  mountain-making  formations  of  the  area.  It  caps  the 
Allegheny  Front,  underlies  the  plateaus,  forms  two  high  ridges 
in  the  southeastern  part  of  the  plateau  province,  and  forms 
numerous  high  ridges  in  the  southern  and  southeastern  parts  of 
the  Ridge  and  Valley  province.  It  conformably  overlies  the 
Catskill  formation.  A view  of  the  Pocono  is  shown  in  plate  11, B. 

The  Pocono  includes  two  distinct  lithologic  subdivisions,  and 
locally  other  subdivisions  have  been  made.  The  upper  main  sub- 
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division  is  the  Burgoon  sandstone  member,  which  consists  of 
thick-bedded  coarse  yellowish-green  to  bluish-gray  sandstone  that 
is  locally  conglomeratic.  The  Burgoon  member  is  300  to  525  feet 
thick  along  the  Allegheny  Front.  The  lower  main  subdivision  is 
unnamed  in  most  parts  of  the  area  and  consists  of  gray  sandy 
shale,  gray  and  red  sandstone,  red  shale,  and  locally  beds  of  clay 
and  beds  of  conglomerate.  At  some  places  along  and  west  of  the 
Allegheny  Front  a bed  of  red  shale  about  40  feet  thick,  known  as 
the  Patton  shale  member,  immediately  underlies  the  Burgoon 
member. 

In  the  Broad  Top  Basin,  at  the  junction  of  Huntingdon,  Bed- 
ford, and  Fulton  Counties,  Reger  has  subdivided  the  Pocono 
into  four  members,  separated  by  intervening  beds  of  shale  or 
sandstone.  Below  the  Burgoon  sandstone  member  (50  to  240  feet 
thick)  he  recognizes  the  Riddlesburg  shale  member  (marine,  75 
to  95  feet  thick),  the  Broad  Ford  sandstone  member  (30  to  100 
feet  thick),  and  at  the  base  the  Berea  sandstone  member  (160  to 
190  feet  thick). 

Locally  thin  beds  or  streaks  of  coal  occur  in  the  Pocono,  but 
none  are  of  commercial  value. 

The  thickness  of  the  Pocono  ranges  from  450  to  1,175  feet 
along  the  Allegheny  Front  to  about  2,000  feet  in  Perry  County. 
The  Pocono  has  not  been  subdivided  in  Perry  County. 

Groiiiid-zvater  conditions. — The  Pocono  is  a good  water-bearer 
in  places  away  from  its  outcrop  and  where  it  lies  not  far  below 
drainage  level.  These  conditions  exist  in  the  northern  part  of 
the  plateau  province  along  the  West  Branch  of  the  Susquehanna 
River  in  Clinton  County  and  northern  Clearfield  County,  where 
several  wells  from  80  to  300  feet  deep  were  reported  to  yield  from 
50  to  200  gallons  a minute,  and  the  largest  yields  were  reported 
from  wells  less  than  100  feet  deep  (well  34,  Clearfield  County,  and 
well  212,  Clinton  County).  Plowever,  in  most  parts  of  the  plateau 
province,  where  the  Pocono  is  deeply  buried  within  a synclinal 
basin,  it  is  likely  to  contain  only  salt  water,  such  as  was  obtained 
in  well  212,  Clinton  County. 

In  the  Ridge  and  Valley  province,  along  the  Allegheny  Front, 
and  in  the  anticlinal  ridges  in  Somerset  County  and  southeastern 
Cambria  County  the  Pocono  has  not  been  exploited  much  beyond 
the  domestic  needs  of  a few  cabins  and  highway  stands,  owing 
to  the  rugged  nature  of  its  outcrops.  It  generally  yields  adequate 
domestic  supplies,  but  large  yields  cannot  be  expected  from  these 

Reger,  D.  B..  Pocono  stratigraphy  in  the  Broadtop  Basin  of  Pennsylvania: 
Geol.  Soc.  America  Bull.,  vol.  38,  no.  2,  pp.  405-407,  June  30,  1927. 
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outcrop  areas,  in  which  the  water  lies  deep  and  under  very  low 
head.  This  is  shown  by  the  unsuccessful  attempts  that  have  been 
made  to  obtain  large  supplies  from  the  Pocono  in  several  places 
along  the  Allegheny  Front,  where  the  beds  are  drained  for  con- 
siderable depths.  Well  1056,  in  Bedford  County,  is  400  feet  deep 
and  yields  35  gallons  a minute,  but  very  little  water  was  obtained 
down  to  a depth  of  385  feet.  Three  wells  (no.  926)  in  Somerset 
County  are  800  to  1,000  feet  deep,  and  each  yields  only  alx)ut  25 
gallons  a minute. 

On  the  basis  of  four  analyses,  summarized  on  page  80,  and 
numerous  reports,  the  waters  in  the  Pocono  are  generally  of  very 
good  quality  except,  of  course,  where  salt  water  may  be  en- 
countered as  described  above.  The  waters  are  generally  very  soft 
and  contain  only  small  quantities  of  dissolved  minerals.  Only  one 
sample  contained  as  much  as  0.1  part  per  million  of  iron  (no.  197, 
Clinton  County). 


Loyalhanna  IJmestone 

General  features. — The  Loyalhanna  limestone  overlies  the  Bur- 
goon  sandstone  member  of  the  Pocono  in  the  southern  part  of 
the  plateau  province  and  along  the  Allegheny  Front  as  far  north 
as  northern  Blair  County.  The  Loyalhanna  has  been  variously 
classed  as  a member  of  the  Pocono  or  the  Mauch  Chunk  or  the 
Greenbrier  limestone  of  Maryland,  but  it  is  now  considered  a 
separate  formation  equivalent  to  the  Ste.  Genevieve  limestone.''^ 

The  Loyalhanna  ranges  from  a siliceous  limestone  to  a cal- 
careous sandstone  and  was  called  the  “Siliceous”  limestone  in  the 
reports  of  the  Second  Geological  Survey  of  Pennsylvania.  Some 
of  it  is  largely  quartz  sand  cemented  by  calcium  carbonate,  but 
other  beds  are  composed  of  limestone  containing  a few  quartz 
grains.  It  is  especially  distinguished  by  its  extremely  cross- 
bedded  structure,  and  the  cross-bedding  is  strikingly  revealed  on 
weathered  outcrops. 

Where  present  the  Loyalhanna  ranges  in  thickness  from  27  to 
52  feet,  but  it  is  entirely  absent  north  of  Blair  County  and  east 
of  the  Allegheny  Front.  There  is  a hiatus  between  the  Loyal- 
hanna and  the  Burgoon  sandstone  member  represented  in  other 
areas  by  several  limestone  formations,  and  this  hiatus  is  further 
increased  where  the  Loyalhanna  is  absent. 

Ground-Tx'ater  conditions. — As  the  Loyalhanna  is  a thin  forma- 
tion of  small  areal  extent,  crops  out  only  in  mountainous  areas, 

” Butts,  Charles,  The  Loyalhanna  limestone  of  southwestern  Pennsylvania, 
especially  with  reg'ard  to  its  age  and  correlation;  Am.  Jour.  Sci.,  4th  .ser.,  vnl.  S, 
pp.  249-257,  1924. 
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and  lies  buried  at  considerable  depth  in  other  places,  it  is  unim- 
portant as  a source  of  ground  water,  and  no  wells  were  observed 
that  tap  it. 


Mauch  Chunk  shale 

General  features  and  subdivisions. — The  Mauch  Chunk  shale  con- 
formably overlies  the  Loyalhanna  limestone  or  disconformably 
overlies  the  Pocono  formation.  It  crops  out  in  two  synclinal 
basins  in  eastern  Perry  County,  in  the  Broad  Top  and  other  syn- 
clines in  Huntingdon,  Bedford,  and  Fulton  Counties,  around  the 
Wellersburg  syncline  in  southern  Bedford  and  Somerset  County, 
along  the  Allegheny  Front,  and  in  anticlinal  ridges  or  deep  river 
valleys  in  several  parts  of  the  plateau  province.  It  is  everywhere 
a valley-forming  rock. 

In  Perry  County  the  exposed  part  of  the  Mauch  Chunk  is  about 
1,500  feet  thick  and  consists  almost  wholly  of  soft  red  shale.  The 
lower  part  is  calcareous  in  some  places,  but  no  limestone  beds 
have  been  found.  In  the  Broad  Top  region  the  Mauch  Chunk  is 
only  1,100  feet  thick  and  is  nearly  all  soft  red  shale,  but  it  con- 
tains thin  beds  of  greenish  and  red  sandstone,  green  shale,  and 
limestone.  In  the  middle  and  at  or  near  the  bottom  are  beds  of 
red  and  gray  limestone,  some  of  which  are  siliceous  and  resemble 
the  Loyalhanna.  The  lowermost  limestone,  the  Trough  Creek 
limestone  member,  attains  a maximum  thickness  of  about  50  feet 
but  may  be  absent  in  some  places. 

In  southernmost  Somerset  County  the  Mauch  Chunk  is  more 
than  400  feet  thick  and  consists  largely  of  red  and  green  shale 
but  contains  green  and  red  sandstones  and,  near  the  base,  the 
Greenbrier  limestone  member.  Farther  north  along  the  Alle- 
gheny Front  the  Greenbrier  member  is  absent  and  the  Mauch 
Chunk  diminishes  rapidly  in  thickness,  first  to  175  to  200  feet 
in  Cambria  and  Blair  Counties  and  northern  Somerset  County 
and  to  30  feet  in  Centre  County,  and  it  is  absent  altogether  in 
parts  of  Clearfield  and  Clinton  Counties,  although  locally  in 
Clinton  County  it  is  as  much  as  100  feet  thick.  Although  it  is 
still  characterized  by  red  shale,  the  Mauch  Chunk  along  the 
Allegheny  Front  contains  at  the  base  considerable  coarse  greenish 
to  gray  heavy-bedded  sandstone. 

The  gradual  thinning  and  ultimate  disappearance  of  the  Mauch 
Chunk  northwestward  are  regarded  as  probably  due  to  its  ero- 
sion after  deposition,  so  that  the  overlying  Pottsville  lies  dis- 
conformably on  the  Mauch  Chunk  or  the  Pocono.  Moreover,  the 
Pottsville  in  this  region  is  late  Pottsville.  As  much  as  10,000 
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feet  of  earlier  Pottsville  beds  deposited  in  regions  to  the  south 
are  represented  by  this  hiatus.'-’ 

Ground' water  conditions.  — Scanty  data  indicate  that  in  the 
Ridge  and  Valley  province  the  Mauch  Chunk  generally  yields  from 
1 to  5 gallons  a minute  to  shallow  domestic  wells  25  to  100  feet 
deep.  Most  of  these  wells  are  reported  to  obtain  water  from  red 
shale,  but  a few  wells  in  Huntingdon  and  Fulton  Counties  obtain 
water  from  the  Trough  Creek  and  other  limestones.  In  this  part 
of  the  area  the  Mauch  Chunk  has  not  been  exploited  beyond  do- 
mestic needs  except  for  two  deep  wells  (nos.  632  and  633)  on 
Broad  Top  Mountain,  in  Huntingdon  County,  which  encountered 
very  little  water  in  sandstones  of  the  Mauch  Chunk. 

In  the  northern  part  of  the  plateau  province,  where  the  Mauch 
Chunk  is  thin  or  absent,  it  is  unimportant  as  a water-bearer.  In 
the  south-central  part  of  the  province  the  Mauch  Chunk,  though 
thin,  contains  considerable  sandstone  and  appears  to  be  abun- 
dantly water-bearing  at  a few  localities  where  deep  wells  have 
tapped  it.  In  well  849,  in  Somerset  County,  340  gallons  a minute 
was  obtained  from  the  Connoquenessing  sandstone  member 
(Pottsville)  and  230  gallons  a minute  was  obtained  from  under- 
lying sandstones  of  the  Mauch  Chunk.  (See  log,  p.  295.)  Well 
854,  in  Somerset  County,  tested  at  400  gallons  a minute,  taps  the 
Mauch  Chunk,  but  most  of  the  water  is  attributed  by  the  owners 
to  the  overlying  Pottsville.  However,  in  a nearby  well  (no.  855), 
which  taps  both  formations,  a similar  yield  is  attributed  by  the 
driller  to  the  Mauch  Chunk.  Well  447,  in  Cambria  County,  which 
yields  180  gallons  a minute,  may  end  either  in  the  Pottsville  or 
the  Mauch  Chunk.  The  water  in  all  these  wells  contains  consider- 
able iron.  No  data  are  available  regarding  the  maximum  water- 
yielding  capacity  of  the  Mauch  Chunk  in  other  parts  of  the 
plateaus,  including  southern  Somerset  County,  where  it  is 
thicker  and  contains  limestones.  In  most  places  it  is  deeply  buried 
or  its  outcrops  are  relatively  inaccessible. 

On  the  basis  of  5 analyses,  summarized  on  page  80,  the  waters 
of  the  Mauch  Chunk  appear  to  be  of  good  quality  in  the  Ridge  and 
Valley  province  but  of  poor  quality  locally  in  the  plateau  province. 
This  may  be  due  to  the  fact  that  the  soluble  minerals  have  been 
largely  leached  from  the  rocks  in  the  outcrop  areas,  but  still  re- 
main where  the  rocks  are  buried  beneath  the  plateau.  The  Mauch 
Chunk  waters  in  the  plateau  province  are  hard  and  contain  an 

” Butts,  Charles,  The  unconformity  between  the  Mississippian  and  Pennsyl- 
vanian, and  its  bearing  on  geologic  correlation  [abstract]:  Science,  new  ser., 
vol.  27,  pp.  992-993,  1908. 
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abundance  of  iron,  and  in  this  respect  they  are  similar  to  the 
Potts ville  waters. 


PENNSYLVANIAN  SERIES 
Pottsville  formation 

General  features  and  subdivisions. — The  Pottsville  formation 
consists  largely  of  hard  sandstone  and  is  one  of  the  three  princi- 
pal mountain-making  formations  in  the  area.  It  underlies  or 
crops  out  in  practically  all  of  the  area  that  is  in  the  Appalachian 
Plateaus  province,  but  in  the  Ridge  and  Valley  province  it  crops 
out  only  on  high  ridges  that  surround  the  Broad  Top  and  Wellers- 
burg  coal  basins.  It  forms  the  extensive  flat  summits  of  the 
plateau  over  most  of  northern  Clinton  County,  northeastern 
Clearfield  County,  and  northwestern  Centre  County.  It  underlies 
most  of  Cambria  and  Somerset  Counties  but  crops  out  along  the 
Allegheny  Front,  Negro  Mountain,  and  Laurel  Ridge. 

As  described  on  a preceding  page,  only  sediments  of 
upper  Pottsville  age  were  deposited  in  this  area,  as  the  land 
stood  above  sea  level  during  lower  and  middle  Pottsville  time. 
Thus  the  Pottsville  is  relatively  thin  in  this  area,  and  ranges  in 
thickness  from  only  130  feet  in  Cambria  County  to  375  feet  in 
southern  Somerset  County.  The  Pottsville  rests  unconformably 
on  the  eroded  surface  of  the  Mauch  Chunk  or  the  Ponoco  forma- 
tion. 

Three  subdivisions  of  the  Pottsville  are  recognized  over  most 
of  the  area — from  top  to  bottom  the  Homewood  sandstone  mem- 
ber, the  Mercer  shale  member,  and  the  Connoquenessing  sand- 
stone member. 

The  Homewood  sandstone  member  generally  consists  of  white 
or  light-gray  massive  coarse-grained  sandstone.  In  a few  places 
it  is  conglomeratic,  and  in  some  exposures  it  is  colored  by  iron 
stains.  Locally  in  Cleaidield  County,  and  perhaps  in  other  places, 
the  Homewood  may  be  represented  largely  by  shale.  The  Home- 
wood  ranges  in  thickness  from  15  to  100  feet.  It  is  quarried  for 
building  stone  in  some  places. 

The  underlying  Mercer  shale  member  consists  of  shale  and 
clay,  with  which  locally  one  or  more  thin  coal  beds  are  associated, 
but  the  character  and  thickness  vary  considerable  from  place  to 
place.  Locally  it  contains  beds  of  flint  clay,  which  are  of  consider- 
able economic  importance  in  the  northern  part  of  the  area.  The 
coals  generally  are  not  workable.  In  the  Broad  Top  Basin  and  in 
southern  Somerset  County  these  beds  have  been  called  “Mount 
Savage  group.”  The  Mercer  ranges  in  thickness  from  about  8 
to  40  feet. 
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The  Connoquenessing  sandstone  is  the  lowest  member  of  the 
Pottsville  in  most  of  the  area  that  lies  west  of  the  Allegheny 
Front.  It  is  generally  a hard  coarse  gray  thick-bedded  sandstone, 
but  in  some  places  it  is  white  and  fine-grained.  In  most  places  it 
contains  thin  layers  of  gray  sandy  shale,  and,  like  most  other 
Carboniferous  sandstones,  it  is  replaced  entirely  by  sandy  shale 
in  some  places.  It  is  locally  conglomeratic,  and  in  a few  places 
it  is  split  into  two  parts  by  the  thin  Quakertown  coal  and  asso- 
ciated shale  and  fine  clay.  The  Connoquenessing  along  the  Alle- 
gheny Front  ranges  in  thickness  from  95  to  150  feet;  in  the 
Broad  Top  Basin,  sandstones  below  the  Mercer  member  total  115 
feet. 

Ground-zLater  conditions. — The  Homewood  and  Connoquenessing 
sandstone  members  of  the  Pottsville  are  probably  the  most  pro- 
ductive water-bearers  in  the  plateau  province  except  in  Clinton 
County,  where  the  Pottsville  crops  out  only  on  the  forested  sum- 
mits of  the  plateau.  The  Pottsville  has  not  been  exploited  in  the 
Ridge  and  Valley  province. 

In  Cleaidield,  Cambria,  and  Somerset  Counties  and  northern 
Centre  County  the  Pottsville  crops  out  in  forested  ridges,  where 
it  receives  abundant  recharge,  and  underlies  most  of  the  inhabited 
valley  areas,  where  the  water  contained  in  it  is  generally  under 
considerable  artesian  head.  Some  of  the  wells  flow  as  much  as 
40  gallons  a minute,  including  nos.  1 and  31,  Clearfield  County; 
no.  97,  Centre  County;  and  no.  925,  Somerset  County.  Spring- 
Id,  in  Clearfield  County,  which  flows  about  40  gallons  a minute 
from  the  Pottsville  is  probably  an  artesian  spring.  Many  of  the 
wells  that  are  pumped  yield  100  gallons  a minute  or  more,  and 
about  a dozen  yield  from  200  to  400  gallons  a minute.  Well  31, 
in  Clearfield  County,  which  is  only  107  feet  deep,  was  reported 
to  have  yielded  832  gallons  a minute,  with  a draw-down  of  only 
25  feet  after  8 hours  of  pumping,  and  was  pumped  regularly  at 
300  gallons  a minute. 

In  places  where  the  Pottsville  is  deeply  buried  beneath  syn- 
clinal coal  basins  it  may  yield  saline  or  salty  water.  Water  of 
this  type  was  reported  in  well  3,  Clearfield  County,  which  is  300 
feet  deep. 

On  the  basis  of  6 analyses  (summarized  on  p.  80)  and  numer- 
ous reports,  the  Pottsville  waters  seem  to  be  generally  of  poor 
quality.  Two-thirds  of  the  samples  contained  an  excess  of  iron, 
individual  analyses  showing  as  much  as  28  parts  per  million. 
Moreover,  most  of  the  Pottsville  waters  contain  iron  in  amounts 
sufficient  to  produce  a red  precipitate.  In  addition,  most  of  the 
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waters  are  rather  hard,  and  some  contain  hydrogen  sulphide.  It 
is  unfortunate  that  so  productive  a water-bearer  generally  yields 
water  so  poor. 

Allegheny  formation 

General  features. — The  Allegheny  formation  conformably  suc- 
ceeds the  Pottsville.  In  the  plateau  province  it  crops  out  in  and 
underlies  large  areas  in  Clearfield,  Cambria,  and  Somerset 
Counties  and  crops  out  in  small  areas  in  northern  Centre  and 
Clinton  Counties.  In  the  Ridge  and  Valley  province  it  crops  out 
only  in  the  Broad  Top  coal  field  and  in  southeastern  Somerset 
County.  The  Allegheny  formation  consists  of  a variable  sequence 
of  beds  of  sandstone,  shale,  limestone,  clay,  and  coal,  and  the 
great  value  of  the  coal  and  to  a lesser  extent  the  fire  clay  gives 
the  area  its  chief  source  of  mineral  wealth.  Its  top  member  is 
the  Upper  Freeport  coal,  shown  in  plate  17,  B,  and  its  basal  mem- 
ber is  the  shale  that  generally  underlies  the  Brookville  coal  and 
clay.  The  Allegheny  is  even  more  variable  in  lithology  and  strati- 
graphy than  any  other  formation  of  the  Pennsylvanian  series. 
Shale  generally  constitutes  the  greater  part  of  the  formation, 
and  the  sandstones  may  grade  laterally  into  shale  within  relative- 
ly short  distances.  In  this  area  the  Allegheny  ranges  in  thickness 
from  220  to  about  350  feet  but  is  generally  250  to  300  feet  thick. 

Subdivisions. — The  seven  principal  coal  beds  of  the  Allegheny 
are  known  throughout  western  Pennsylvania  and  in  the  Broad 
Top  coal  field  by  the  following  names,  in  order  from  top  to  bottom : 


Principal  coals  of  the  Allegheny  formation 


Western  Pennsylvania 

Upper  Freeport  or  E coal 

I.ower  Freeport  or  D coal 

Upper  Kittanning  or  C'  coal 

Middle  Kittanning  or  C coal 

Lower  Kittanning  or  B coal 


Broad  Top  coal  field 
Kelly  coal. 

Dudley  coal. 

Barnettstown  coal. 

Twin  coal. 

Barnett  coal. 

Scrubgra.ss  coal. 


Clarion  or  A'  coal. . , 
Brookville  or  A coal 


Fulton  coal. 
Gordon  coal. 


Generally  not  all  these  coals  are  workable  at  any  one  locality, 
but  each  is  workable  in  certain  localities.  The  intervals  between 
the  coals  in  the  Broad  Top  Basin  are  occupied  principally  by 
sandstone  but  also  by  shale,  sandy  shale,  and  clay.  In  the  plateau 
province  many  of  the  beds  between  the  coals  have  been  named 
and  traced  over  large  areas,  but  most  of  them  vary  greatly  in 
thickness  and  character  within  short  distances  and  in  some  places 
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are  absent.  The  geologic  folios  describing  different  quadrangles 
in  the  plateau  province  contain  structure-contour  maps  represent- 
ing the  top  of  one  of  the  important  coals  or  some  other  key  bed. 
and  these  maps  were  used  freely  in  determining  the  geologic 
horizons  at  which  many  wells  in  the  Pennsylvanian  rocks  obtain 
water. 

The  Brookville  coal  is  generally  underlain  by  a few  feet  of  shale. 
In  the  interval  between  the  Brookville  and  Clarion  coals  are  found, 
in  ascending  order,  the  Clarion  sandstone  member,  which  is  70 
feet  in  maximum  thickness,  and  the  Clarion  clay  or  flint  clay. 
In  some  areas  the  Clarion  sandstone  includes  sandstones  above 
the  Clarion  coal. 

The  Kittanning  sandstone  member,  which  reaches  80  feet  in 
thickness,  and  the  overlying  Lower  Kittanning  clay  occupy  the 
interval  between  the  Clarion  and  Lower  Kittanning  coals.  The 
Vanport  limestone  member  may  underlie  the  Lower  Kittanning 
coal  locally  in  Somerset  County  but  appears  to  be  absent  else- 
where. 

Between  the  Middle  and  Upper  Kittanning  coals  are  the  Johns- 
town limestone  member  and  the  Upper  Kittanning  clay.  The 
Llanfair  sandstone  member,  40  feet  in  maximum  thickness,  occurs 
locally  in  southwestern  Cambria  County  above  the  Middle  Kittan- 
ning coal.  The  Middle  Kittanning  clay  underlies  the  coal  of  the 
same  name. 

In  the  interval  between  the  Upper  Kittanning  and  Lower  Free- 
port coals  are  found  locally  the  Freeport  sandstone  member 
(Lower  Freeport  sandstone  of  some  reports),  which  is  as  much 
as  40  feet  thick  in  some  places,  the  Lower  Freeport  limestone 
member,  and  the  Lower  Freeport  clay. 

The  remaining  interval  between  the  Lower  and  Upper  Freeport 
coals  includes  locally,  from  bottom  to  top,  the  Butler  sandstone 
member,  as  much  as  40  feet  thick,  the  Bolivar  fire  clay,  the  Upper 
Freeport  limestone  member,  and  the  Upper  Freeport  clay 
(Bolivar  fire  clay  of  some  reports). 

Ground-ivater  conditions. — The  Allegheny  formation  appears  to 
be  a good  water-bearer  in  areas  in  the  plateau  province  sufficient- 
ly removed  from  active  coal  mining,  but  it  has  not  been  exploited 
in  the  Broad  Top  field.  The  most  productive  beds  are  the  Butler, 
Kittanning,  and  Clarion  sandstone  members,  from  which  several 
wells  in  places  where  these  sandstones  are  present  in  sufficient 
thickness  obtain  50  to  150  gallons  a minute.  Some  of  these  wells 
flow,  such  as  no.  421,  Cambria  County.  The  Llanfair  sandstone 
member  is  not  as  widely  distributed  as  the  others,  and  no  data 
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were  obtained  regarding  its  water-bearing  capacity.  Most  of  the 
wells  in  the  Allegheny  tap  beds  of  shale — the  predominant  con- 
stituent— and  these  wells  generally  yield  small  supplies  of  water 
sufficient  for  household  use.  Wells  860  and  921,  Somerset  County, 
are  examples  of  wells  in  the  Allegheny  from  which  the  water  has 
been  drained  by  coal  mining. 

On  the  basis  of  7 analyses  summarized  on  page  80,  most  of 
the  Allegheny  waters  contain  more  than  100  parts  per  million  of 
dissolved  solids,  and  one  sample  (no.  392,  Cambria  County)  con- 
tained more  than  1,000  parts.  Only  one  sample  contained  as 
much  as  0.1  part  per  million  of  iron,  but  iron  in  excess  of  this 
amount  and  hydrogen  sulphide  were  reported  in  several  wells 
in  the  Allegheny.  However,  iron  in  troublesome  amounts  appears 
to  be  less  widespread  in  the  Allegheny  waters  than  in  those  of 
the  underlying  Pottsville  formation.  Wells  7 and  8,  in  Clearfield 
County,  and  435,  in  Cambria  County,  are  examples  of  wells  in 
the  Allegheny  that  were  abandoned  because  the  waters  were  unfit 
for  use  owing  to  their  acidity  or  salinity.  (See  Mso  the  discussion 
of  water  in  coal  and  in  coal  mines  on  pp.  51-53.) 

Coneniaug^h  formation 

General  features  - The  Conemaugh  formation  includes  the  beds 
that  lie  between  the  Upper  Freeport  coal,  at  the  top  of  the  under- 
lying Allegheny  formation,  and  the  Pittsburgh  coal,  at  the  base 
of  the  overlying  Monongahela  formation.  It  is  conformable  on 
the  Allegheny.  It  crops  out  in  the  same  general  areas  as  the 
Allegheny  formation,  except  that  it  is  absent  from  Clinton  County 
and  is  represented  in  Centre  County  by  only  a few  thin  remnants. 

The  Conemaugh  formation  consists  of  a variable  sequence  of 
sandstone,  shale,  clay,  thin  coals  (a  few  of  workable  thickness 
locally),  and  thin  beds  of  limestone.  It  contains  beds  of  red  shale 
— the  first  above  those  of  the  Mauch  Chunk  shale — and  thin 
marine  limestones.  Where  fully  exposed  in  Cambria  and  Somer- 
set Counties,  the  Conemaugh  varies  in  thickness  but  reaches  a 
maximum  of  about  870  feet  in  the  Johnstown  basin.  In  Clear- 
field County  and  northern  Cambria  County  only  300  to  600  feet 
has  been  preserved  from  erosion,  and  even  less  remains  in  Centre 
County.  Its  thickness  in  the  Broad  Top  field  is  placed  by 
Gardner  at  only  about  533  feet,  but  it  is  believed  by  Ashley 
and  Sisler  to  be  much  thicker. 

” Gardner,  J.  H.,  The  Broad-Top  coal  field  of  Huntingdon.  Bedford,  and 
Fulton  Counties:  Pennsylvania  Topog.  and  Geol.  Survey  Comm.  Kept.  10,  p.  26, 
pi.  3,  1913. 

’’Ashley,  G.  H.,  Bituminous-coal  fields  of  Pennsylvania:  Pennsylvania  Geol. 
Survey,  4th  ser..  Bull.  M 6,  part  1,  p.  130,  1928. 

’’Sisler,  J.  D.,  Bituminous-coal  fields  of  Pennsylvania:  Pennsylvania  Geol. 
Survey.  4th  ser..  Bull.  M 6,  part  2,  p.  282,  1926. 
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Subdivisions  - - The  Conemaugh  formation,  like  the  Allegheny, 
has  been  subdivided  into  a large  number  of  members,  but  the 
identity  of  members  that  have  been  given  the  same  names  in 
widely  separated  areas  is  not  always  well  established.  The  thin 
fossiliferous  limestones  are  probably  the  best  key  beds  for  corre- 
lation. The  intervals  between  named  beds  are  generally  occupied 
by  shale  or  sandy  shale,  locally  containing  thin  limestones  and 
coal  streaks. 

In  the  plateau  province  the  basal  part  of  the  Conemaugh  is 
the  Mahoning  sandstone  member,  with  a maximum  thickness  of 
100  feet  or  more  but  represented  in  some  localities  by  shale. 
In  many  places  the  Mahoning  is  divided  into  an  upper  and  a 
lower  sandstone  by  the  thin  Mahoning  coal  and  associated  clay, 
which  occur  about  at  the  middle.  Locally  beds  of  red  shale  or 
limestone  or  iron  ore  are  associated  with  the  Mahoning  coal.  A 
view  of  the  upper  sandstone  of  the  Mahoning  is  shown  in  plate 
11,  A. 

The  next  named  bed  above  the  Mahoning  is  a thin  coal  gener- 
ally called  the  Brush  Creek  coal  but  known  locally  in  Cambria 
County  as  the  Gallitzin  coal.  In  some  places  the  Brush  Creek 
coal  is  overlain  by  the  thin  Brush  Creek  limestone  member. 

The  Buffalo  sandstone  member  occurs  above  the  Brush  Creek 
members.  It  is  40  to  80  feet  thick  in  some  places  but  absent  in 
other  places,  where  it  is  represented  by  sandy  shale  or  shale. 

Between  the  Buffalo  member  and  the  overlying  Saltsburg 
sandstone  member  occur,  in  ascending  order,  the  Cambridge 
limestone  member,  the  Bakerstown  coals,  and  associated  clays 
and  shales.  The  Saltsburg,  which  lies  about  300  feet  above  the 
base  of  the  Conemaugh,  is  20  to  80  feet  thick  in  many  places, 
but,  like  the  other  Conemaugh  sandstones,  it  is  locally  absent. 

Between  the  Saltsburg  member  and  the  Ames  limestone 
member — a thin  but  persistent  fossiliferous  bed  about  400  feet 
above  the  base  of  the  Conemaugh — are  found  locally,  in  ascend- 
ing order,  the  Maynardier  coal,  beds  of  red  shale  called  in  some 
reports  the  Pittsburgh  Reds,  the  Ewing  ( ?)  limestone  member, 
and  the  Harlem  coal. 

The  Morgantown  sandstone  member,  about  300  feet  below  the 
top  of  the  Conemaugh,  is  30  to  60  feet  thick  in  many  places  but 
is  locally  represented  by  sandy  shale  or  shale.  The  strata  be- 
tween the  Morgantown  and  the  underlying  Ames  limestone  con- 
sist of  nearly  200  feet  of  shale  with  thin  beds  of  sandstone,  fire 
clay,  limestone,  and  coal  seams,  some  of  which  bear  local  names 
in  different  localities. 
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In  Somerset  County  the  remaining  strata  of  the  upper  Cone- 
maugh  contain,  in  ascending  order,  the  Clarksburg  limestone 
member  and  associated  thin  coals,  the  Connellsville  sandstone 
member,  as  much  as  50  feet  in  thickness  but  absent  locally,  and 
the  Upper  Pittsburgh  limestone  member,  with  which  are  asso- 
ciated in  places  the  Little  Pittsburgh  coal  and  the  Lower  Pitts- 
burgh limestone  member.  The  uppermost  Conemaugh  beds 
consist  of  shale,  locally  50  feet  thick.  These  beds  apparently  do 
not  extend  northward  into  Cambria  County. 

In  southern  Cambria  County  the  strata  above  the  Morgantown 
contain  locally  two  thick  sandstones  about  60  feet  apart,  the 
lower  one,  the  Summerhill  sandstone  member,  as  much  as  60  fee"^ 
thick,  and  the  upper  one,  the  Wilmore  sandstone  member,  as 
much  as  30  feet  thick.  The  strata  above  the  Wilmore  consist 
chiefly  of  shale  and  thin  beds  of  sandstone.  In  northern  Cambria 
County  and  Clearfield  County  there  are  generally  no  outstanding 
members  recognized  above  the  Morgantown,  and  the  strata  con- 
sist of  a heterogeneous  succession  of  shale,  with  thin  sandstones, 
limestones,  and  coals,  some  of  which  have  been  correlated  doubt- 
fully with  beds  to  the  southwest. 

In  the  Broad  Top  field  some  of  the  Conemaugh  coals  have  been 
correlated  with  those  of  western  Pennsylvania,  and  others  have 
been  given  local  names.  The  Mahoning  sandstone  member  is  also 
recognized,  but  the  other  beds  have  not  been  named.  In  a general 
way  the  Conemaugh  in  this  field  is  similar  to  that  west  of  the 
Allegheny  Front,  but,  as  mentioned  above,  the  upper  limit  of  the 
Conemaugh  is  somewhat  in  doubt. 

Ground-water  conditions.—  The  Conemaugh  formation  is  a pro- 
ductive water-bearer  in  Cambria  and  Somerset  Counties  in  places 
where  one  or  more  of  its  sandstone  members  are  present  be- 
neath drainage  level.  The  two  lower  members,  the  Mahoning  and 
Buffalo  sandstones,  appear  to  be  the  most  productive,  and  about 
a dozen  wells  in  these  beds  had  reported  yields  of  100  to  250 
gallons  a minute,  the  largest  yield  being  reported  from  well  436, 
Cambria  County.  (See  also  well  887,  Somerset  County.)  A few 
of  the  wells  flow. 

The  Saltsburg  and  Morgantown  sandstone  members  are  above 
drainage  level  in  most  places  where  large  quantities  of  ground 
water  are  used,  but  several  wells  in  the  Morgantown  (nos.  426, 
427,  Cambria  County,  and  924,  Somerset  County)  had  reported 
yields  of  50  to  90  gallons  a minute.  The  Summerhill  and  Wilmore 
sandstone  members  occur  only  locally,  generally  above  drainage 


PENNSYLVANIAN  SERIES 


117 


level,  and  no  wells  were  observed  tapping  them.  A few  domestic 
wells  tap  the  Connellsville  sandstone  member. 

Other  beds  in  the  Conemaugh,  chiefly  shale,  generally  yield 
small  supplies  for  domestic  use  and  in  a few  places  enough  foi 
industrial  use.  The  Conemaugh  is  relatively  unimportant  in 
Clearfield  County  and  has  not  been  exploited  in  the  Broad  Top 
field. 

As  very  little  coal  is  mined  from  the  Conemaugh,  as  compared 
to  the  underlying  Allegheny  formation,  there  is  much  less  danger 
of  loss  or  pollution  of  its  ground  waters  by  mining  operations. 

Analyses  of  11  samples  of  ground  water  from  the  Conemaugh 
are  summarized  on  page  80.  Most  of  the  samples  analyzed  con- 
tained 100  to  225  parts  per  million  of  dissolved  solids,  but  the 
total  range  was  68  to  641  parts.  Three  samples  contained  iron 
in  excess  of  0.1  part  per  million,  and  excess  iron  was  reported  in 
several  other  wells,  but  the  Conemaugh  waters  appear  to  contain 
much  less  iron  than  those  of  the  Pottsville.  In  general  the  Cone- 
maugh waters  are  satisfactory  for  most  ordinary  uses. 

Monongahela  formation 

General  features.-  The  Monongahela  formation,  which  includes 
all  the  strata  between  the  base  of  the  Pittsburgh  coal  and  the  top 
of  the  Waynesburg  coal,  reaches  a thickness  of  400  feet  in  south- 
western Pennsylvania,  but  it  has  been  removed  by  erosion  from 
most  of  the  area  described  in  this  report.  It  is  conformable  on 
the  Conemaugh  formation.  Several  small  isolated  remnants  of 
the  Monongahela  are  found  in  southeastern  and  northern  Somer- 
set County,  in  southern  Cambria  County,  and  in  the  Broad  Top 
field.  In  some  of  these  outcrops  as  much  as  100  feet  of  the 
Monongahela  remains,  but  the  thickness  is  generally  much  less. 
Gardner”  held  that  possibly  the  entire  Monongahela  (445  feet 
thick)  and  a portion  of  the  overlying  Dunkard  group  are  present 
in  several  high  knobs  in  the  Broad  Top  field,  but  according  to 
Ashley  and  Sisler,”  much  of  this  may  belong  to  the  Cone- 
maugh, so  that  the  thickness  of  the  Monongahela  and  the 
presence  of  beds  younger  than  the  Monongahela  in  this  field 
appear  to  be  still  in  doubt.  Thus  the  Monongahela  is  definitely 
the  youngest  Paleozoic  formation  in  the  area  immediately  west 
of  the  Allegheny  Front,  and  the  same  appears  to  be  true  in  this 
area  east  of  the  Front. 

’’Gardner,  J.  H.,  op.  cit.  (Pennsylvania  Topog.  and  Geol.  Survey  Comm. 
Kept.  10),  pp.  25,  28,  pi.  3. 

’“Ashley,  G,  H.,  op.  cit.  (Pennsylvania  Geol.  Survey,  4th  ser..  Bull.  M 6-1) 
p.  130. 

’“Sisler,  J.  D.,  op.  cit.  (Pennsylvania  Geol.  Survey,  4th  ser..  Bull.  M 6-2) 

p.  282. 
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The  remaining  Monongahela  strata  present  in  Cambria  and 
Somerset  Counties  include  the  important  basal  Pittsburgh  coal 
(2  to  9 feet  thick),  locally  the  Redstone  coal  and  possibly  higher 
coals,  and  associated  strata  of  shale,  clay,  sandstone,  and  lime- 
stone. 

Ground-water  conditions. — The  Monongahela  foiTnation  is  unim- 
portant as  a source  of  ground  water  in  this  area,  and  no  wells 
were  observed  on  its  meager  outcrops.  The  water-bearing  proper- 
ties of  the  Monongahela  in  southwestern  Pennsylvania,  where  it 
crops  out  over  large  areas,  have  been  described  by  Piper.®® 

TRIASSIC  SYSTEM 
Diabase 

In  southeastern  Perry  County  four  diabase  dikes  trending 
northeast  cut  through  all  the  sedimentary  rocks  from  the  Ordovi- 
cian to  the  Mississippian.  (See  pi.  1.)  Intrusive  sheets  and  dikes 
of  diabase  are  common  in  the  Triassic  basins  of  southeastern 
Pennsylvania,  but  so  far  as  is  known  the  dikes  mentioned  above 
are  the  only  ones  that  penetrate  the  area  described  in  this  report. 

As  described  by  Claypole,®^  the  diabase  is  a hard,  very  tough 
dark  heavy  fine-grained  rock  containing  grains  of  magnetite. 
The  rock  disintegi’ates  readily  in  the  weathered  zone.  The  dikes 
are  nearly  vertical,  range  in  thickness  from  5 or  10  feet  up  to 
200  feet  in  some  places,  and  trend  in  nearly  straight  lines.  The 
adjacent  sediments  have  been  somewhat  altered  and  hardened 
in  many  places. 

The  water-bearing  properties  of  diabase  are  given  on  pages 

TERTIARY  (?)  SYSTEM 
Terrace  deposit* 

Deposits  of  ancient  stream  gravel  found  at  several  places  along 
the  Juniata  River  above  Huntingdon  are  believed  by  Butts  and 
by  Leverett  to  be  of  late  Tertiary  age.  A conspicuous  example 
is  found  on  the  hills  north  of  Huntingdon,  where  scattered 
stream-worn  pebbles  of  sandstone  and  quartzite  from  2 to  5 
inches  in  diameter  lie  at  an  altitude  of  1,060  feet,  or  about  400 
feet  above  the  present  level  of  the  Juniata  River.  These  deposits 
are  very  thin  and  are  unimportant  as  sources  of  ground  water. 

“Piper,  A.  M.,  Ground  water  in  southwestern  Pennsylvania:  Pennsylvania 
Geol.  Survey,  4th  ser..  Bull.  W 1,  pp.  144-156,  1933. 

“ Claypole,  E.  W.,  A preliminary  report  on  the  paleontology  of  Perry 
County,  describing  the  order  and  thickness  of  its  formations  and  its  folded  and 
faulted  structure:  Pennsylvania  Second  Geol.  Survey,  Kept.  Fj,  pp.  293-302,  316, 
317,  1885. 

“Butts,  Charles,  unpublished  report  on  the  Tyrone  quadrangle.  Pa. 

“ Leverett,  Frank,  Glacial  deposits  outside  the  Wisconsin  terminal  moraine 
in  Pennsylvania:  Pennsylvania  Geol,  Survey,  4th  ser..  Bull.  G 7,  pp.  60,  61,  1934. 
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General  features.-  This  part  of  Pennsylvania  was  not  covered 
by  ice  during  the  last  or  Wisconsin  stage  of  glaciation,  but  the 
Wisconsin  ice  sheet  stopped  not  far  northeast  of  the  area,  and 
Wisconsin  outwash  is  found  in  the  northeastern  part  of  the  area. 
However,  the  northeast  corner  of  the  area  was  covered  by  at 
least  two  earlier  advances  of  ice,  the  Jerseyan  and  Illinoian,  as 
far  as  the  limits  shown  on  plate  1.  The  following  description  of 
these  deposits  is  taken  largely  from  a recent  repoiT  by  Leverett.'"'* 

Pre-Illinoian  or  Jerseyan  drift. — Scanty  deposits  of  deeply 
weathered  till  and  scattered  erratics  found  in  the  northeastern 
part  of  the  area  and  believed  to  have  resulted  from  one  or  pos- 
sibly two  pre-Illinoian  glaciations  are  thought  to  represent  the 
Jerseyan  drift.  Deposits  of  this  kind,  including  some  of  question- 
able origin,  have  been  found  along  the  West  Branch  of  the  Sus- 
quehanna River  near  Lock  Haven  at  an  altitude  of  more  than 
1,000  feet,  or  400  feet  above  the  river,  and  in  Union  and  Snyder 
Counties  at  altitudes  of  700  to  900  feet.  Similar  deposits  have 
been  traced  along  Penns  Creek  as  far  west  as  Weikert,  Union 
County,  and  along  Middle  Creek  as  far  west  as  Eager  Summit, 
near  McClure,  Snyder  County.  Scanty  gravel  deposits  believed 
to  be  Jerseyan  outw'ash  are  found  along  the  Susquehanna  River 
between  Selinsgrove  and  Harrisburg  at  points  200  feet  above  the 
present  river. 

Williams  believed  that  the  West  Branch  of  the  Susquehanna 
and  Bald  Eagle  Valleys  were  dammed  by  the  pre-Illinoian  ice  tc 
a sufficient  height  for  the  impounded  water  (“Glacial  Lake 
Lesley”)  to  discharge  across  a pass  at  Dix,  Blair  County,  at  an 
altitude  of  about  1,100  feet.  Leverett,®®  however,  could  discover 
no  evidence  in  support  of  such  a glacial  spillway  and  found  that 
the  valley  in  the  vicinity  of  the  pass  was  strewn  with  gravel 
and  sand  brought  in  by  two  small  streams,  Big  Fill  Run  and 
California  Hollow. 

No  mention  is  made  by  Leverett  of  the  depth  or  extent  of  pre- 
Illinoian  glacial  scouring  in  the  valley  of  the  West  Branch  of 
the  Susquehanna  in  Clinton  and  Lycoming  Counties.  The  writer 
has  found  evidence  from  the  records  of  wells  in  the  valley  that 
the  river  flows  over  a buried  valley  in  most  places  between  Lock 
Haven  and  Muncy.  Several  wells  close  to  the  river  penetrated  as 

“Leverett,  Frank,  Idem,  pp.  19-63. 

“Williams,  E.  H.,  Notes  on  the  southern  Ice  limit  in  eastern  Pennsylvania: 
Am.  Jour.  Scl.,  3d  ser.,  vol.  49,  pp.  174-185,  map,  1895. 

“Leverett,  Frank,  op.  clt.,  pp.  67,  58. 
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much  as  125  feet  of  sand,  gravel,  and  silt,  and  one  higher  up  - 
ended  in  gravel  at  a depth  of  135  feet.  The  filling  of  the  old 
valley  by  unconsolidated  material  may  have  taken  place  prior  to 
the  Illinoian  glaciation  and  ponding  discussed  below,  but  below 
Williamsport  there  was  probably  additional  scouring  by  the 
Illinoian  lobe,  and  filling  of  the  valley  during  the  Illinoian  ponding. 
Wisconsin  outwash  later  added  more  material.  These  deposits 
are  discussed  below  under  “Ground-water  conditions.” 

Illinoian  drift. — Lobes  of  the  Illinoian  glacier  are  believed  to 
have  extended  up  the  West  Branch  of  the  Susquehanna  River 
beyond  Williamsport  and  down  as  far  as  Allenwood,  and  another 
lobe  is  believed  to  have  extended  down  the  North  Branch  of  the 
Susquehanna  to  a point  southwest  of  Selinsgrove.  The  Illinoian 
drift  is  a reddish,  highly  oxidized  clayey  material  with  only  a few 
thin  pockets  of  sand  or  gravel.  The  most  conspicuous  morainic 
deposits  are  found  in  the  Illinoian  terminal  moraine  west  of  Selins- 
grove, where  there  are  numerous  knolls  as  much  as  10  feet  high 
and  depressions  3 to  5 feet  deep.  Illinoian  outwash  gravel  has 
been  found  along  the  Susquehanna  River  below  Selinsgrove  at 
points  60  to  150  feet  above  the  river,  and  at  several  places  along 
the  West  Branch. 

The  Susquehanna  River  appears  to  have  been  dammed  by 
Illinoian  ice  at  several  places,  and  deep  ponds  or  lakes  resulted. 
Thus  the  West  Branch  appears  to  have  been  ponded  up  to  150 
feet  above  present  river  level  between  Allenwood  and  an  ice  dam 
near  Sunbury,  and  water  from  this  lake  may  have  spilled  over 
into  Penns  Creek  through  a pass  about  580  feet  above  sea  level 
between  Winfield  and  New  Berlin. 

A similar  dam  across  the  West  Branch  in  the  vicinity  of  Muncy 
produced  a large  lake  extending  along  the  Susquehanna  and  Bald 
EagleValleys  through  Lycoming  County  and  into  Clinton  County 
some  distance  above  Lock  Haven.  The  evidence  indicates  ponding 
to  a height  of  about  135  feet  above  present  river  level.  During 
the  period  of  this  ponded  condition  several  streams  that  cut 
through  Bald  Eagle  Mountain  built  huge  alluvial  fans  in  the  Sus- 
quehanna Valley,  notably  Antes  Creek,  in  Lycoming  County,  and 
McElhattan  Creek,  in  Clinton  County. 

Well-defined  terraces,  thought  to  be  of  Illinoian  age,  are  found 
at  many  places  along  the  Juniata  River  between  Tyrone  and 
Duncannon  at  heights  of  80  to  160  feet  above  the  river.  These 
deposits  are  entirely  fluvial,  as  the  Juniata  Basin  has  not  been 
glaciated.  Similar  terraces  of  sand  and  gravel,  which  may  be 
largely  fluvial,  were  observed  by  the  writer  along  the  West  Branch 
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of  the  Susquehanna  in  Clinton  County  between  Renovo  and  Lock 
Haven  and  along  Young  Womans  Creek  at  North  Bend. 

IVisconsin  drift. — The  Wisconsin  glacier  did  not  reach  any  part 
of  the  area  covered  by  this  report,  but  during  its  recession  the 
swollen  southward-flowing  streams  between  Pine  Creek  in  Clinton 
County  and  the  North  Branch  of  the  Susquehanna  at  Sunbury 
carried  considerable  sand,  silt,  and  gravel  into  the  Susquehanna 
River.  Terraces  of  Wisconsin  outwash  are  found  60  feet  above 
Pine  Creek  at  its  mouth  and  at  heights  of  about  40  feet  above 
the  Susquehanna  River  along  the  entire  eastern  border  of  the 
area  covered  by  this  report. 

Ground-zvater  conditions.-  - The  Pleistocene  deposits  appear  to  be 
good  water-bearers  only  along  the  West  Branch  of  the  Susque- 
hanna in  Clinton  County  and  at  a few  places  along  the  Susque- 
hanna at  the  eastern  border  of  the  area. 

The  Jerseyan  drift  is  generally  thin  and  unimportant  as  a 
source  of  water.  The  Illinoian  drift  along  the  Susquehanna  and 
the  Illinoian  terrace  deposits  along  the  Juniata  are  relatively 
unimportant,  but  they  may  supply  a few  shallow  dug  wells. 

The  deposits  filling  the  valley  of  the  West  Branch  of  the  Sus- 
quehanna as  far  up  as  Lock  Haven,  in  Clinton  County  consisting 
of  a mixture  of  lake  and  outwash  deposits  of  Jerseyan,  Illinoian, 
and  Wisconsin  age,  are  an  important  source  of  ground  water. 
They  have  not  been  exploited  to  any  great  extent  in  Clinton 
County  but  furnish  large  supplies  in  Lycoming  County,  as  will 
be  described  in  a forthcoming  report  on  north-central  Pennsyl- 
vania. A shallow  dug  well  in  these  deposits  at  Mill  Hall  (no.  216) 
was  reported  to  yield  1,000  gallons  a minute  during  a test.  The 
maximum  known  thicknesses  of  these  deposits  are  125  feet  in  well 
221  and  135  feet  in  well  237,  and  as  numerous  beds  of  sand  and 
gravel  were  encountered  in  these  wells,  large  supplies  of  water 
could  probably  be  obtained  by  means  of  properly  constructed 
wells  using  well  screens.  Samples  of  water  collected  from  two 
wells  in  these  deposits  indicate  good  average  waters  except  for  an 
excess  of  iron.  (See  analyses  202  and  232,  Clinton  County.) 

Sand,  gravel,  and  clay  from  25  to  90  feet  in  thickness  are  re- 
ported from  some  wells  along  the  Susquehanna  River  in  Snyder 
and  Union  Counties,  but  in  all  wells  observed  these  deposits  were 
cased  off.  Moderate  supplies  of  water  might  be  obtained  from  the 
deposits  in  some  places.  At  Selinsgrove,  however,  where  the 
maximum  thicknesses  were  reported,  the  material  is  chiefly  clay 
or  till  of  the  Illinoian  terminal  moraine. 
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The  sand  and  gravel  deposits  along  the  West  Branch  above 
Lock  Haven  have  been  utilized  to  some  extent  in  the  vicinity  of 
Gleasonton  and  Renovo.  (See  wells  198,  202,  and  204,  Clinton 
County.)  Between  Hyner  and  Renovo  as  much  as  40  to  65  feet 
of  sand  and  gravel  is  reported  from  wells. 

RECENT  SERIES 
Alluvium 

Recent  deposits  of  silt,  sand,  and  gravel  are  found  along  all  the 
streams  and  rivers,  but  in  most  parts  of  the  area  they  are  thin 
and  unimportant  as  sources  of  ground  water.  A part  of  this 
material  is  derived  from  the  disintegration  of  the  bedrocks  by 
rain,  frost,  wind,  and  stream  erosion,  and  a part  is  derived  from 
the  reworking  of  the  Pleistocene  series  described  above. 

Dug  or  driven  wells  obtain  small  supplies  of  water  from  the 
alluvium  in  many  of  the  larger  stream  valleys.  The  city  of  DuBois 
is  built  upon  a deeply  alluviated  valley  known  as  “The  Meadows,” 
and  the  alluvium  is  60  feet  thick  in  some  places.  The  DuBois 
Brewing  Co.  has  several  dug  wells  that  obtain  water  from  these 
recent  gravel  deposits.  (See  well  11,  Clearfield  County.) 


Plate  17 


Home-made  two-cylinder  force  pump  operated  by  overshot  water  wheel  sup- 
plied by  spring  506  at  Royer,  Blair  County.  Utilizes  a small  part  of  the  dis- 
charge of  a large  tubular  spring  to  supply  farm  on  hilltop. 
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COUNTY  DESCRIPTIONS 

In  the  pages  that  follow,  the  geography,  geology,  and  ground- 
water  conditions  are  described  briefly  by  counties  in  alphabetic 
order,  with  descriptions  of  public  and  local  supplies  derived  from 
ground  water,  tables  of  representative  wells  and  springs,  well 
logs,  and  chemical  analyses  of  ground  water. 

The  wells,  springs,  and  other  sources  of  ground-water  supplies 
shown  on  plate  2 are  numbered  consecutively  from  1 to  1173  in 
order  of  counties  from  northwest  (Clearfield  County)  to  south- 
east (Fulton  County).  In  each  county  the  wells  are  numbered 
consecutively  from  north  to  south  and  are  tabulated  by  town- 
ships. The  wells  in  some  of  the  boroughs  are  arbitrarily  included 
in  the  surrounding  or  nearest  township.  The  same  numbers  are 
used  to  identify  the  logs  and  chemical  analyses  of  waters. 

The  information  pertaining  to  many  of  the  wells  was  obtained 
from  well  drillers.  These  wells  were  located  on  topographic  or 
base  maps  from  the  drillers’  descriptions,  and  nearly  all  such 
locations  were  checked  in  the  field.  It  is  possible,  however,  that 
a few  of  the  wells  are  not  accurately  located.  Altitudes  given  are 
taken  from  the  nearest  contour  or  benchmark  on  the  topographic 
maps  published  by  the  United  States  Geological  Survey  unless 
otherwise  indicated.  Wells  and  springs  for  which  no  altitudes 
are  given  are  situated  in  quadrangles  for  which  no  topographic 
maps  are  available. 

It  was  not  practicable  to  make  many  measurements  of  depths 
and  water  levels,  because  most  of  the  wells  listed  are  drilled  wells 
covered  with  pumps.  Most  of  the  data  are  taken  from  statements 
of  drillers  or  owners,  and  only  a few  of  the  drillers  have  kept 
written  records.  The  figures  on  depth  to  water  level  are  probably 
the  least  accurate  of  those  given  in  the  tables,  as  most  of  the 
drillers  and  owners  relied  on  memory  in  supplying  this  informa- 
tion. The  depths  to  water  level  in  the  observation  wells  that  are 
measured  periodically  are  believed  to  be  accurate  (pi.  9).  The 
data  pertaining  to  most  of  the  industrial  and  public  supplies  were 
taken  from  written  records  and  are  therefore  more  accurate  than 
those  pertaining  to  most  of  the  domestic  supplies. 

Information  given  for  public  supplies  concerns  only  those 
supplies  that  are  derived  from  ground  water,  either  as  a sole 
source  or  as  an  auxiliary  source. 
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Area  1,026  .square  miles.  Population  ( 1930)  37,309. 

OKOGRAPHV 

Bedford  County,  the  fourth  largest  county  in  the  area,  is 
sparsely  populated  and  mountainous  and  contains  only  about  37 
inhabitants  to  the  square  mile,  as  against  215  for  the  entire  State. 
Agriculture  is  the  principal  industry,  and  about  65  percent  of 
the  total  land  area  of  the  county  is  devoted  to  farming.  Bedford, 
Everett,  Hyndman,  and  Saxton  are  the  only  boroughs  in  the 
county  having  1,000  or  more  inhabitants,  and  Bedford,  with  a 
population  of  2,953  in  1930,  is  the  largest.  According  to  the 
Federal  census  of  1929,  there  were  56  manufacturing  establish- 
ments in  the  county  whose  products  were  valued  at  $5,000  or 
more  annually,  principally  near  the  Broad  Top  coal  field,  at  the 
northeast  comer  of  the  county,  along  the  Lincoln  Highway, 
which  traverses  it  from  east  to  west,  and  along  the  Baltimore 
& Ohio  Railroad,  whose  main  line  crosses  the  southwest  corner 
of  the  county.  Part  of  the  Broad  Top  coal  field  is  within  this 
county.  There  are  several  resorts  along  the  Lincoln  Highway,  the 
largest  of  which  is  the  Bedford  Springs  Hotel  and  Baths,  just 
south  of  Bedford. 

The  topography  is  characteristic  of  the  Ridge  and  Valley 
province.  Blue  Knob,  with  an  altitude  of  3,136  feet,  is  the  highest 
point  in  the  county.  Allegheny  Mountain,  in  the  northwest 
corner,  rises  to  an  altitude  of  more  than  2,800  feet  in  several 
places;  Kinton  Knob,  on  Wills  Mountain,  has  an  altitude  of  2 642 
feet;  and  Tussey  Mountain  and  Evitts  Mountain  rise  above  2,500 
feet.  Wills  Creek  crosses  the  Maryland  State  line  at  an  altitude 
of  about  740  feet — the  lowest  point  in  the  county.  The  total  relief 
is  therefore  nearly  2,400  feet. 

The  northern  two-thirds  of  Bedford  County  is  drained  by  the 
Raystown  Branch  of  the  Juniata  River,  a stream  noted  for  its 
striking  meanders.  In  a straight-line  distance  of  less  than  40 
miles  from  Everett  to  the  mouth  in  Huntingdon  County,  the 
stream  flows  in  a channel  about  85  miles  long.®^  A small  area  in 
the  northwest  corner  is  drained  by  the  Frankstown  Branch  of 
the  Juniata  River,  and  the  southern  third  of  the  county  is  drained 
by  Wills  Creek  and  other  tributaries  of  the  Potomac  River.  The 
western  boundary  is  part  of  the  Continental  Divide,  and  a small 
part  of  the  drainage  flows  into  the  headwaters  of  the  Ohio  River 
Basin. 


stone,  R.  W.,  Meanders  in  Raystow  n Brandi  of  Juniata  River:  Penn.iyl- 
vanla  Acad.  Sci.  Proc.,  vol.  9.  p 74,  1935. 
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GEOLOGY 

The  rocks  exposed  in  Bedford  County  range  from  the  Warrior 
limestone,  of  Upper  Cambrian  age,  to  the  Conemaugh  or  Monon- 
gahela  formation,  of  Pennsylvanian  age  (pi.  1).  Their  character 
and  water-bearing  properties  are  described  in  the  first  half  of 
this  report.  The  oldest  rocks,  the  Cambrian  and  Ordovician  lime- 
stones and  dolomites,  are  exposed  by  the  Nittany  anticline  and 
occupy  two  large  fertile  valleys — Morrisons  Cove  and  Friends 
Cove.  The  youngest  rocks,  of  the  Pennsylvanian  series,  crop  out 
in  the  Broad  Top  coal  field,  at  the  northeast  corner  of  the  county, 
and  in  part  at  several  places  on  the  western  boundary.  Nearly 
two-thirds  of  the  county  is  underlain  by  Devonian  strata.  The 
numerous  steep  ridges  in  the  central  part  are  formed  by  the 
Tuscarora  quartzite  and  on  the  eastern  and  western  boundaries 
by  the  Pocono  formation.  The  principal  folds  trend  northeast. 

GROUND  WATER 

The'  Cambrian  and  Ordovician  limestones  and  dolomites,  the 
limestones  and  calcareous  shales  of  the  Cayuga  group,  the  Helder- 
berg  limestone,  and  the  Ridgeley  sandstone  appear  to  be  the  most 
productive  water-bearers  in  the  county.  Except  for  the  Ridgeley 
these  rocks  form  valleys,  and  it  is  in  the  valleys  that  ground 
water  is  used  most  extensively.  Ground  water  is  used  in  Bedford 
County  principally  for  domestic  purposes  and  stock,  very  little 
being  used  by  industries  and  almost  none  for  public  supply. 

In  most  parts  of  the  county  rural  and  village  water  supplies 
are  obtained  largely  from  dug  wells,  but  springs  and  drilled  wells 
also  supply  many  homes.  There  is  relatively  little  alluvium  in  any 
of  the  valleys,  and  most  of  the  dug  wells  obtain  water  from  soil 
and  disintegrated  rock.  Cisterns  are  used  extensively  in  Morri- 
sons Cove,  Friends  Cove,  and  perhaps  other  limestone  valleys, 
and  by  most  of  the  homes  in  Woodbury. 

Springs  are  numerous,  particularly  in  the  limestone  valleys, 
but  most  of  the  springs  observed  yield  less  than  100  gallons  a 
minute.  Those  at  Bedford  Springs  Hotel  and  Baths  (nos.  991  and 
994)  were  estimated  to  yield  30  to  100  gallons  a minute.  The 
water  from  Magnesia  Spring  has  a bitter  taste  and  is  said  to  have 
laxative  properties.  A sample  of  this  water  contained  2,565  parts 
per  million  of  dissolved  solids,  had  a hardness  of  1,994  parts 
(chiefly  calcium  and  magnesium  sulphate),  and  was  the  hardest 
and  most  highly  concentrated  sample  collected  in  these  14 
counties.  Spring  964,  at  Spring  Meadow,  supplies  the  Reynolds- 
dale  State  Fish  Hatchery  with  1,800  gallons  a minute  of  clear, 
cold  water  well  suited  for  growing  fish  (analysis  964).  A spring 
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near  Shellsburg  is  reported  to  yield  1,000  gallons  a minute,  and 
there  are  several  large  springs  in  Friends  Cove. 

There  is  very  little  industrial  use  of  ground  water  in  Bedford 
County.  A few  drilled  wells  furnish  water  for  cooling  in  ice  or 
milk  plants,  the  strongest  of  which  is  well  988,  in  Bedford. 

The  weekly  water  levels  in  an  unused  dug  well  at  Saxton  (no. 
938)  are  shown  in  plate  9,  and  a view  of  the  Saxton  well  is  shown 
in  plate  8,  B. 

Only  five  flowing  wells  were  observed  in  the  county  (nos.  987, 
1016,  1021,  1042,  and  1058),  all  of  which  flow  only  a small 
amount.  There  appear  to  be  no  areas  where  numerous  strong 
flowing  wells  might  be  expected. 

The  quality  of  ground  waters  from  several  geologic  formations 
in  the  county  is  shown  by  the  analyses  of  8 samples  given  below. 
Most  of  the  ground  waters  in  the  county  are  satisfactory  for 
ordinary  use  except  waters  in  parts  of  the  Cayuga  group  and  in 
the  Helderberg  limestone,  which  are  generally  too  hard  for  most 
purposes  but  are  satisfactory  for  cooling  or  drinking.  (See 
analyses  988  and  992.)  None  of  the  8 samples  contained  enough 
iron  to  be  troublesome.  A few  waters  from  the  Reedsville  and 
other  dark  shales  give  off  small  quantities  of  hydrogen  sulphide 
gas.  The  quality  of  water  to  be  expected  from  the  different 
geologic  formations  is  summarized  on  pages  80-81. 

pinn.ic  suppiiiES 

There  are  relatively  few  public  water  supplies  in  Bedford 
County,  and  all  of  them  use  surface  water.  They  serve  Bedford, 
Centerville  (Bedford  Valley  p.o.),  Everett,  Evitts,  Hyndman, 
Manns  Choice,  Rainsburg,  Riddlesburg,  and  Saxton.  The  Cum- 
berland City  Reservoir,  which  supplies  Cumberland,  Md.,  is  in 
Cumberland  Valley  Township,  Bedford  County. 

The  Bedford  Borough  Water  Co.  has  one  flowing  drilled  well 
(no.  987)  that  flows  a small  quantity  of  water  into  its  reservoir. 

The  Bedford  Springs  Hotel  and  Baths  have  a private  water 
supply  derived  from  Black  Spring  (no.  994),  and  three  other 
springs  used  for  drinking,  bottling,  and  bathing  (nos.  991-993). 
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Partial  analyses  of  gioitnd  ivalcrs  from  Bedford  County 

(Analyzed  by  E.  W.  Lohr.  Parts  per  million.  Number  at  heads  of  columns  refer  to  corresponding  numbers  in  the  prccediriK  table  and  on  pi. 
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BLAIR  COUNTY 

Area  535  square  miles.  Population  (1930)  139,840. 

GEOGRAPHY 

Blair  County  is  one  of  the  smaller  counties  in  the  area  but 
ranks  second  to  Cambria  County  in  density  of  population,  with 
about  261  inhabitants  to  the  square  mile,  as  against  215  for  the 
entire  State.  The  population  is  largely  urban,  and  more  than 
half  the  people  live  in  Altoona,  which,  with  82,054  inhabitants 
in  1930,  is  the  largest  city  in  the  entire  area  covered  by  this 
report.  Tyrone  has  9,042  and  Hollidaysburg  5,969  inhabitants, 
and  five  other  boroughs  have  from  1,200  to  2,700.  About  45  per- 
cent of  the  total  land  area  is  devoted  to  agriculture,  and  the  most 
prosperous  farms  are  in  the  fertile  limestone  valleys.  Coal  is 
mined  along  the  western  boundary,  and  considerable  limestone 
the  ganister  rock  are  quarried  (pp.  13,  14  and  pi.  6,  B).  In  1929 
there  were  in  the  county  147  manufacturing  establishments 
each  of  whose  products  were  valued  at  $5,000  or  more  annually, 
nearly  half  of  which  are  in  Altoona.  Altoona  is  on  the  main  line 
of  the  Pennsylvania  Railroad,  whose  large  shops  there  constitute 
the  most  important  industry  in  Blair  County.  The  William  Penn 
Highway  traverses  the  county  a few  miles  south  of  Altoona. 

The  highest  point  in  the  county  is  in  the  western  corner  of 
Freedom  Township,  where  part  of  Allegheny  Mountain  has  an 
altitude  of  more  than  3,000  feet.  The  Frankstown  Branch  of  the 
Juniata  River  crosses  the  Huntingdon  County  line  at  an  altitude 
of  about  720  feet,  the  lowest  point  in  the  county.  The  maximum 
relief  is  therefore  about  2,280  feet.  The  Allegheny  Mountains 
foiTn  the  western  boundary  and  rise  2,500  to  3,000  feet  above  sea 
level.  Other  ridges  in  the  central  and  eastern  parts  of  the  area 
stand  at  altitudes  of  2,300  to  2,600  feet.  The  topography  is 
characteristic  of  the  Ridge  and  Valley  province. 

The  western  boundary  forms  part  of  the  Continental  Divide, 
and  except  for  the  headwaters  of  a few  small  streams  that  drain 
toward  the  Ohio  River,  the  county  is  drained  entirely  by  the 
Juniata  River.  The  northern  part  is  drained  by  the  Little  Juniata 
River,  and  the  southern  part  by  the  Frankstown  Branch  of  the 
Juniata. 

GEOLOGY 

The  rocks  exposed  in  Blair  County  range  from  the  Waynesboro 
formation,  of  Lower  Cambrian  age,  to  the  Conemaugh  formation, 
of  Pennsylvanian  age  (pi.  1).  There  are  small  amounts  of  Pleisto- 
cene gravel  and  Recent  alluvium  along  the  major  streams.  The 
character  and  water-bearing  properties  of  these  formations  are 
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described  in  the  first  half  of  this  report.  The  oldest  rocks,  the 
Cambrian  and  Ordovician  limestones  and  dolomites  (pis.  6,  B,  and 
12,  B)  are  exposed  by  the  Nittany  anticline  and  form  the  large 
fertile  connected  limestone  valleys  in  the  eastern  part  of  the 
area — Sinking  Valley  (the  southern  tip  of  Nittany  Valley,)  Canoe 
Valley,  and  Morrisons  Cove.  The  large  valley  on  the  west,  in  which 
Tyrone,  Bellwood,  xYltoona,  and  Hollidaysburg  are  situated,  is 
underlain  by  Devonian  strata  and  is  separated  from  the  eastern 
valleys  by  a long,  sinuous  ridge  of  Tuscarora  quartzite.  The 
youngest  rocks  crop  out  along  the  western  boundary.  The  princi- 
pal faults  in  the  limestone  valleys  are  mentioned  on  pages  28,  29. 
The  principal  folds  trend  northeast. 

GUOIJjVI)  water 

The  water-bearing  formations  that  appear  to  be  most  produc- 
tive in  Blair  County  are  the  Cambrian  and  Ordovician  limestones 
and  dolomites,  Clinton  formation,  Cayuga  group,  Helderberg 
limestone,  Shriver  chert,  and  Ridgeley  sandstone.  These  are 
largely  valley-forming  rocks,  although  the  Ridgeley  forms  low 
ridges  in  some  places  and  the  Gatesburg  formation  makes  hilly 
sandy  areas  known  locally  as  “The  Barrens.”  In  Blair  County 
ground  water  is  used  extensively  for  domestic  purposes,  stock, 
and  industrial  supplies,  and  a small  amount  is  used  for  public 
supply. 

The  ground  w'ater  for  domestic  use  is  derived  largely  from 
springs  and  dug  wells,  but  in  part  from  drilled  wells.  The  dug 
wells  obtain  water  principally  from  soil  or  decomposed  rocks,  as 
there  is  very  little  alluvium.  Cisterns  are  used  at  many  places 
in  the  limestone  valleys. 

Ground  water  for  industrial  use  in  the  limestone  valleys  is 
obtained  largely  from  springs  and  in  the  Altoona  district  from 
drilled  wells.  Some  of  the  largest  springs  in  the  area  are  in  Blair 
County,  including  Cold  Spring  (no.  472),  Arch  Spring  (no.  476, 
pi.  12,  B),  Big  Springs  (no.  502),  spring  506  (pi.  17),  and  Roar- 
ing Spring  (no.  529,  pi.  16,  A) . In  addition.  Big  Spring  in  Tyrone 
(not  listed)  has  a reported  yield  of  4,500  gallons  a minute.  There 
are  numerous  smaller  springs,  some  of  which  are  listed  in  the 
tables  below.  Flowing  Spring  (no.  509)  is  an  unusual  type  of 
limestone  spring  that  “ebbs  and  flows”  at  regular  intervals,  as 
described  in  detail  on  page  65.  Most  of  the  largest  springs  are 
owned  by  paper  companies,  which  are  the  largest  users  of  ground 
water  in  the  county.  The  Tyrone  plant  of  the  West  Virginia  Pulp 
& Paper  Co.  has  several  sources  of  water  supply,  including  Bald 
Eagle  Creek,  four  drilled  wells  (nos.  464-467),  of  which  two  are 
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used,  Hundred  Springs  in  Huntingdon  County  (no.  546),  and  as 
an  emergency  supply  Cold  Spring  (no.  472).  This  company’s 
Williamsburg  plant  is  supplied  by  Big  Springs  (no.  502) . Roaring 
Spring  (no.  529),  in  the  borough  of  the  same  name,  supplies  the 
D.  M.  Bare  Paper  Co.,  a printing  office,  and  a flour  mill  and  is 
used  as  an  emergency  public  supply.  (See  below.) 

In  Altoona,  Tyrone,  and  Hollidaysburg  considerable  ground 
water  is  used  for  cooling  by  ice  and  cold  storage  companies, 
dairies,  ice-cream  manufacturers,  meat  packers,  and  hotels.  The 
strongest  industrial  wells  for  which  records  are  available  are  in 
the  Tonoloway  and  Helderberg  limestones  (nos.  464-466),  those 
in  Altoona  are  in  the  Helderberg  or  the  Oriskany  group  (nos.  489, 
490,  492-498),  and  the  one  well  in  Hollidaysburg  is  in  the  Clinton 
formation. 

Records  were  obtained  of  only  four  flowing  wells  in  Blair 
County,  and  they  all  appear  to  be  in  different  formations  (nos. 
486,  478,  516,  and  517).  Two  of  these  are  in  a synclinal  basin 
near  Loop  station,  east  of  Hollidaysburg,  and  it  is  possible  that 
there  may  be  others  in  this  vicinity.  The  flow  of  all  these  wells 
is  small. 

The  analyses  of  9 samples  of  ground  water  collected  from  repre- 
sentative wells  and  springs  in  Blair  County  are  given  below.  Most 
of  the  waters  are  of  good  quality  and  satisfactory  for  ordinary 
use,  but  some  of  the  limestone  waters,  particularly  from  the 
Cayuga  group,  are  too  hard  for  use  in  boilers.  (See  analysis 
468.)  The  sample  from  well  514,  in  the  Clinton  formation,  Holli- 
daysburg, was  very  hard  and  also  contained  considerable  sodium 
chloride  (common  salt).  This  appears  to  be  only  a local  occur- 
rence of  diluted  connate  water.  None  of  the  samples  contained 
iron  in  noticeable  amounts.  The  quality  of  water  to  be  expected  in 
the  different  geologic  formations  is  summarized  on  pages  80,  81. 

PUIJMC  SUPPLIES 

Altoona,  Bellwood,  Tyrone,  Hollidaysburg,  and  Duncansville 
are  supplied  by  surface  water,  principally  from  numerous  small 
streams  along  the  east  slope  of  the  Allegheny  Front.  Parts  of 
Logan  Township  are  supplied  by  the  Allegheny  Water  Co.  and 
the  Home  Water  Co.;  the  former  serves  surface  water,  and  the 
latter  serves  surface  water  and  spring  water  (no  data  available 
on  spring).  Claysburg,  Sproul,  and  Roaring  Spring  (in  part)  are 
supplied  by  ground  water.  The  smaller  places  have  no  public 
supplies. 

Claysburg  is  supplied  from  two  springs  owned  by  the  General 
Refractories  Co.,  near  the  western  base  of  Dunning  Mountain. 
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One  of  the  springs  is  known  as  the  Weynant  Spring  (no.  526). 
The  water  flows  into  a small  concrete  reservoir  above  Claysburg, 
from  which  it  is  distributed  by  gravity.  About  half  of  the  water 
is  used  at  the  plant  of  the  General  Refractories  Co.,  and  the  other 
half  supplies  about  400  people.  The  system  also  includes  several 
fire  plugs.  The  water  is  chlorinated.  The  system  is  not  metered, 
and  the  consumption  is  not  known. 

Sproul  is  supplied  by  the  Burket  Stake  Spring  (no.  528),  also 
owned  by  the  General  Refractories  Co.  The  spring  is  walled  and 
contains  about  1,300  gallons.  The  water  is  conducted  from  the 
spring  by  two  centrifugal  pumps  to  two  steel  tanks  above  Sproul, 
each  12  feet  high  and  12  feet  in  diameter.  Distribution  is  effected 
by  gravity.  One  tank  supplies  the  plant  of  the  General  Refrac- 
tories Co.,  which  uses  about  two-thirds  of  the  water,  and  the 
other  tank  supplies  the  residents.  The  water  is  chlorinated.  The 
system  is  not  metered,  and  the  consumption  is  not  known. 

Roaring  Springs  (population  2,724)  is  supplied  by  the  borough 
chiefly  from  small  streams  on  Dunning  Mountain,  west  of  the 
borough.  From  a 10,000,000-gallon  reservoir  on  the  mountain  the 
water  flows  by  gravity  to  a 500,000-gallon  reservoir  in  the 
borough,  whence  it  is  distributed  by  gravity.  During  the  summer 
and  fall,  when  the  streams  are  too  low  to  furnish  all  the  water 
needed,  water  is  pumped  from  Roaring  Spring  (no.  529)  by  a 
steam-driven  centrifugal  pump  operating  3 to  8 hours  a day  at 
a rate  of  30,000  gallons  an  hour.  There  is  also  a reciprocating 
pump  for  use  in  emergencies.  The  daily  consumption  is  about 
250,000  gallons,  chiefly  by  the  inhabitants  but  in  part  by  a print- 
ing office.  The  average  pressure  in  the  borough  is  about  60 
pounds  to  the  square  inch.  About  50  fire  plugs  are  connected  to 
the  system.  No  treatment  of  any  kind  is  required  for  either  the 
stream  or  spring  water.  The  water  from  the  spring  is  of  good 
quality,  as  shown  by  analysis  529. 
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Remarks 

Reported  draw-domi 

10  feet. 

.A.!so  uses  cistern. 

Has  a 157-foot  well 

that  yields  very 

little. 

Use  water  softener  for 

boiler.  Reported 

draw-down  10  feet. 
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( XMIUMA  (Ol.NTY 

Area  717  square  miles.  I’opulation  (1930)  203,140. 

<;koguai*hy 

Cambria  County  ranks  seventh  in  area  but  first  in  density  of 
population  among  the  counties  covered  by  this  report,  with  about 
283  inhabitants  to  the  square  mile,  as  against  215  for  the  entire 
State.  Johnstown,  with  66,993  inhabitants  in  1930,  is  the  largest 
city  in  the  county  and  the  second  largest  in  the  area.  There  are 
22  boroughs  that  have  from  1,000  to  more  than  5,000  inhabitants. 
Coal  mining  and  steel  are  the  leading  industries  in  this  highly 
industrialized  county,  with  Johnstown  as  the  important  steel 
city.  The  Federal  census  of  1929  credits  the  county  with  158 
manufacturing  establishments  whose  annual  products  were 
valued  at  $5,000  or  more,  of  which  103  are  in  Johnstown  (pi. 
5,  B).  Only  about  39  percent  of  the  total  land  area  is  devoted  to 
agriculture.  The  county  is  served  by  the  main  line  and  many 
branches  of  the  Pennsylvania  Railroad  and  is  crossed  by  the 
\^Tlliam  Penn  Highway. 

The  topography  is  typical  of  the  plateau  province,  klost  of  the 
county  is  high  and  rolling,  but  it  is  deeply  dissected  by  the  Cone- 
maugh  River  in  the  vicinity  of  Johnstown  (pi.  5,  B).  Cambria 
County  is  bordered  on  the  east  by  Allegheny  Mountain,  which 
stands  2,860  feet  above  sea  level  in  the  southeast  corner,  the 
highest  point  in  the  county.  Laurel  Hill,  which  forms  the  south- 
western border,  has  an  altitude  of  2,780  feet  at  one  place.  The 
Conemaugh  River  crosses  the  Westmoreland  County  line  at  an 
altitude  of  about  1,110  feet,  the  lowest  point  in  the  county.  The 
maximum  relief  is  therefore  about  1,750  feet. 

The  Continental  Divide  traverses  the  northern  part  of  the 
county  along  a northwest  line  connecting  Nicktown,  in  Barr 
Township,  and  Summit,  near  Cresson,  and  thence  south  along 
the  Allegheny  Front.  North  and  east  of  this  line  the  water  flows 
to  the  Atlantic  chiefly  down  the  West  Branch  of  the  Susquehanna 
River  but  in  part  down  the  Juniata  River.  The  southern  and 
larger  part  of  the  county  drains  into  the  Ohio  through  the  Cone- 
maugh River  and  its  tributaries. 

GF.OI.OGY 

The  rocks  exposed  in  Cambria  County  are  all  Devonian  and 
Carboniferous,  ranging  in  ascending  order  from  the  Catskill 
formation,  of  Upper  Devonian  age,  to  the  Monongahela  formation, 
of  Pennsylvanian  age  (pi.  1).  There  are  no  important  uncon- 
solidated deposits  in  the  county,  as  the  streams  are  still  actively 
deepening  their  channels.  The  character  and  water-bearing 
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properties  of  the  formations  are  given  in  the  first  half  of  this 
report. 

The  oldest  rocks — the  Catskill,  Pocono,  Loyalhanna,  and  Mauch 
Chunk  formations — are  exposed  along  the  Allegheny  Front  and 
Laurel  Hill.  The  Pottsville  and  Allegheny  formations  are  exposed 
along  the  Allegheny  Front  and  Laurel  Hill  and  also  in  the  deeper 
stream  valleys  in  the  northern  and  southwestern  parts  of  the 
county.  The  Conemaugh  formation  occupies  practically  the  whole 
county.  A few  thin  remnants  of  the  Monongahela  formation 
occur  in  the  southeastern  part  of  the  county. 

The  folds  trend  northeast.  The  Laurel  Hill  anticline  forms  the 
western  border  of  the  county,  the  east  limb  of  the  Nittany  anti- 
cline forms  the  eastein  border,  and  there  is  a succession  of  folds 
between. 


GHOIJND  WATER 

The  principal  water-bearers  in  Cambria  County  are  the  sand- 
stones of  the  Pottsville,  Allegheny,  and  Conemaugh  formations. 
Owing  to  its  great  areal  extent,  the  Conemaugh  supplies  most 
of  the  wells  in  the  county,  including  some  of  the  industrial  and 
public-supply  wells  and  most  of  the  domestic  wells.  Most  of  the 
industries  and  larger  towns  are  situated  in  the  valleys,  however, 
where  the  wells  tap  the  Allegheny  and  Pottsville  and,  in  a few 
places,  rocks  underlying  the  Pottsville. 

Ground  water  in  Cambria  County  is  recovered  principally  by 
means  of  drilled  wells.  A few  dug  wells  were  observed,  chiefly 
in  the  northeastern  part  of  the  county.  Small  hillside  springs  are 
numerous,  some  of  which  are  used  for  public  supply,  but  no  large 
springs  were  observed.  Ground  water  is  recovered  from  mine 
shafts  by  some  of  the  coal  companies  (nos.  410,  454,  and  p.  66), 
and  the  borough  of  Hastings  is  supplied  by  an  abandoned  mine 
drainage  tunnel  used  as  an  infiltration  gallery  (no,  392  and  p. 
65).  Well  460,  which  may  be  called  an  inverted  well,  is  unique 
in  that  water  is  withdrawn  through  the  bottom  instead  of 
through  the  top  (p.  59  and  fig.  11), 

Wells  in  some  parts  of  the  county  have  been  drained  or  spoiled 
by  nearby  coal  mining,  and  some  of  them  by  actual  undermining. 
An  example  is  found  in  the  hilly  region  around  Geistown,  Rich- 
land Township,  where  most  of  the  wells  were  dried  up.  The  coal 
companies  responsible  for  this  result  have  supplied  the  people 
with  running  water  piped  from  Windber. 

Most  of  the  ground-water  developments  are  domestic,  but  the 
largest  developments  are  for  public  supply,  and  secondly  for 
industrial  supply.  The  principal  industrial  use  is  condensing  or 
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cooling  by  dairies  and  ice  companies,  but  some  is  used  for  boiler 
feed  by  coal  companies.  The  Bethlehem  Steel  Corporation  ob- 
tains its  large  industrial  water  supply  from  the  Quemahoning 
reservoir,  in  Somerset  County.  Most  of  the  water  used  for  boiler 
feed  is  believed  to  be  purchased  from  municipalities. 

Only  three  flowing  wells  were  noted  in  Cambria  County  (nos. 
395,  421,  429),  but  it  is  possible  that  others  may  be  obtained 
in  the  several  synclinal  basins  that  traverse  the  county. 

The  analyses  of  8 samples  of  ground  water  from  Cambria 
County  are  given  below.  Most  of  the  ground  waters  from  the 
Conemaugh  are  only  moderately  mineralized  and  moderately 
hard  and  appear  to  be  the  best  ground  waters  in  the  county.  Iron 
in  objectionable  amounts  occurs  in  some  waters  from  the  Alle- 
gheny formation  and  will  probably  be  found  in  most  waters  from 
the  Pottsville  and  Mauch  Chunk.  Only  one  of  the  samples  (no. 
447)  contains  a large  amount  of  iron,  but  iron  was  reported  in 
many  other  well  waters.  Analyses  389,  392,  and  447  indicate  very 
hard  waters  containing  large  amounts  of  sulphate.  Several  wells 
in  Cambria  County,  including  wells  402,  403,  405,  and  a well  at 
the  brewery  in  South  Fork,  have  been  abandoned  because  of  the 
poor  quality  of  water  obtained.  The  occurrence  of  ground  water 
in  and  near  coal  mines  and  the  quality  of  water  to  be  expected 
from  the  different  geologic  formations  is  summarized  in  the  first 
part  of  this  report,  pp.  80,  81.) 

PUIU.IC  SUPPLIES 

The  city  of  Johnstown,  most  of  the  larger  boroughs,  and  some 
of  the  smaller  places  in  Cambria  County  are  supplied  by  surface 
water,  including  Amsbry,  Bakerton,  Blandburg,  Cassandra, 
Cresson(in  part),  Expidit,  Irwin,  Gallitzin,  Lilly,  Patton,  Portage, 
South  Fork,  parts  of  Summerhill  Township,  Vintondale,  Wilmore, 
all  the  communities  near  Johnstown,  and  perhaps  others.  Records 
are  given  below  of  12  public  supplies  derived  exclusively  from 
ground  water  and  of  7 derived  from  ground  and  surface  water. 

Bamesboro  (population  3,506)  is  supplied  from  one  drilled 
well  (no.  389)  by  the  Bamesboro  Water  Co.  There  is  another  well 
of  similar  depth  that  is  not  needed  except  in  emergencies.  The 
turbine  pump  on  the  well  discharges  at  the  rate  of  150  gallons 
a minute  into  an  8,000-gallon  wooden  tank  near  the  well,  from 
which  the  water  is  pumped  by  one  of  two  centrifugal  booster 
pumps  having  a capacity  of  200  and  300  gallons  a minute  to 
the  main  reservoir,  whence  it  is  distributed  by  gravity.  The 
reservoir  is  of  the  open  concrete  type,  holds  500,000  gallons,  and 
is  located  on  a hill  west  of  the  borough.  Pressures  in  different 
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parts  of  the  borough  range  from  85  to  112  pounds  to  the  square 
inch.  The  daily  consumption  averages  about  220,000  gallons,  most 
of  which  is  used  by  the  inhabitants,  but  a small  part  is  used  by 
one  shirt  factory.  There  are  35  fire  hydrants  in  the  system.  As 
shown  by  analysis  389,  the  water  is  very  hard  but  is  served  with- 
out treatment  of  any  kind. 

Carrolltown  (population  1,227)  is  supplied  with  ground  water 
by  the  Carrolltown  Water  Co.  from  wells  and  a spring  0.8  mile 
southeast  of  the  center  of  the  borough.  During  periods  of  normal 
rainfall  the  supply  is  obtained  entirely  from  a spring  (no.  397). 
There  are  three  drilled  wells  for  emergency  use,  two  of  which 
(nos.  399  and  400)  yield  but  little  water  and  are  seldom  used. 
The  other  well  (no.  398,  see  log)  yields  about  30  gallons  a minute. 
The  wells  are  pumped  by  steam  plunger  pumps  and  discharge  into 
the  spring  basin,  from  which  water  is  pumped  by  a steam  booster 
pump  at  a rate  of  150  gallons  a minute  to  the  reservoir,  260  feet 
higher,  whence  it  is  distributed  by  gravity.  The  reservoir  is 
constructed  of  brick  and  concrete,  is  covered,  holds  92,000  gallons, 
and  is  situated  on  a hill  west  of  the  borough,  at  an  altitude  of 
about  2,220  feet.  Pressures  in  different  parts  of  the  borough 
range  from  10  to  25  pounds  to  the  square  inch.  The  daily  con- 
sumption averages  about  60,000  gallons,  none  of  which  is  used 
by  any  industry.  There  are  21  fire  hydrants  in  the  system.  The 
water  does  not  require  treatment  of  any  kind  and  is  of  good 
quality,  as  shown  by  analysis  398. 

Colver  (population  about  1,200)  is  supplied  with  ground  and 
sui'face  water  by  the  Colver  Water  Co.,  a subsidiary  of  the  Ebens- 
))urg  Coal  Co.  The  four  drilled  wells  (nos.  418-421),  pumping 
plant,  and  impounding  dam  are  at  Vetera,  which  is  miles 
northeast  of  Colver  and  200  feet  lower.  The  dam  impounds 
25,000,000  gallons,  and  the  small  streams  furnish  all  the  water 
needed  except  during  the  summer.  One  well  flows,  two  wells  are 
pumped  by  air  lift,  and  the  other  by  turbine  pump.  Water  from 
the  wells  or  reservoir  is  pumped  by  a booster  pump  with  a capa- 
city of  450  gallons  a minute  to  the  reservoir  in  Colver,  whence  it 
is  distributed  by  gravity.  The  distributing  reservoir,  which  is 
made  of  brick  and  is  not  covered,  holds  1,000,000  gallons.  Water 
pi'essures  in  different  parts  of  Colver  range  from  10  or  15  to  125 
pounds  to  the  square  inch.  The  daily  consumption  averages  about 
270,000  gallons,  40  percent  of  which  is  used  by  the  power  house 
that  operates  the  mines.  There  are  30  fire  hydrants  in  the  system. 
The  water  is  treated  with  chlorine  gas.  The  log  of  well  420  and 
an  analysis  of  water  from  this  well  are  given  below.  An  unsuc- 
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cessful  attempt  was  made  to  develop  a ground-water  supply  at 
Colver.  (See  well  405,  log.) 

The  State  Tuberculosis  Sanatorium,  on  Allegheny  Mountain 
southeast  of  Cresson,  is  supplied  by  9 small  springs  (no.  433), 
with  an  aggregate  yield  of  12  to  80  gallons  a minute.  The  water 
is  collected  in  a small  basin  and  pumped  a vertical  distance  of 
about  150  feet  to  a distributing  reservoir  at  the  sanatorium. 
About  1,000  people  are  served,  and  during  the  summer  some 
water  is  purchased  from  the  Summit  Water  Co.  A deep  drilled 
well  at  the  pumping  plant  is  reported  to  have  been  spoiled  by 
coal  mining.  The  spring  water  is  reported  to  be  very  soft  and 
low  in  dissolved  mineral  matter. 

Ebensburg,  the  county  seat  (population  3,063),  is  supplied  by 
the  Ebensburg  Borough  MMter  Co.  The  main  supply  comes  from 
small  streams  northeast  of  the  borough  which  flow  into  a 30,000- 
000-gallon  reservoir.  In  dry  weather  the  supply  is  augmented  by 
water  from  two  drilled  wells  near  the  dam  (nos.  422  and  423). 
The  water  is  treated  with  lime,  soda  ash,  and  chlorine  gas  and 
is  pumped  to  two  brick  and  concrete  reservoirs  in  the  borough 
having  a total  capacity  of  630,000  gallons,  from  which  it  is  dis- 
tributed by  gravity,  ^^"ater  pressures  in  different  parts  of  the 
borough  range  from  15  or  20  to  55  pounds  to  the  square  inch. 
The  average  daily  consumption  is  about  300,000  gallons,  none  of 
which  is  used  for  manufacturing.  The  El)ensburg  Borough  Water 
Co.  also  supplies  the  Cambria  County  Home.  The  water  from  the 
wells  is  of  good  quality,  as  shown  by  analysis  423. 

Hastings  (population  2,011)  is  supplied  with  ground  water  by 
the  Hastings  Borough  Water  Co.  The  water  is  obtained  from  an 
abandoned  mine  drainage  tunnel  on  a hill  1.7  miles  southeast  of 
the  borough,  which  is  used  as  an  infiltration  gallery  (no.  392). 
The  water  flows  into  a 16,000-gallon  collecting  reservoir  and 
thence  to  two  concrete  reservoirs,  each  holding  90,000  gallons, 
from  which  it  is  distributed  by  gravity.  The  average  pressure 
in  the  borough  is  about  90  pounds  to  the  square  inch.  The  aver- 
age daily  consumption  in  1929  was  165,000  gallons.  There  are 
24  fire  hydrants  in  the  system.  The  water  is  chlorinated.  As 
shown  by  analysis  392,  the  water  is  very  hard. 

Water  is  supplied  free  of  charge  to  the  borough  of  Loretto 
(population  352)  by  Charles  M.  Schwab,  whose  estate  adjoins 
the  borough.  The  water  is  obtained  from  one  drilled  well  (no. 
426)  and  is  pumped  to  a stone  reservoir  with  a capacity  of  1,500- 
000  gallons,  whence  it  is  distributed  by  gravity.  Pressures  in 
Loretto  range  from  50  to  80  pounds  to  the  square  inch.  The 
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average  daily  consumption  is  about  27,000  gallons,  none  of  which 
is  used  for  manufacturing.  The  water  is  reported  to  be  hard  but 
is  not  treated.  There  are  two  other  drilled  wells  (nos.  427  and 
428)  that  supply  the  Schwab  estate. 

Marsteller  (Moss  Creek)  is  supplied  with  water  from  well  404 
(see  log)  by  the  Henrietta  Water  Co.,  a subsidiary  of  the  Cambria 
County  Water  Supply  Co.  The  water  is  pumped  to  two  reservoirs, 
one  made  of  concrete,  the  other  of  wood,  and  is  distributed  by 
gravity.  About  900  people  are  served.  The  water  is  reported  to 
be  of  good  quality  and  is  not  treated. 

Nanty  Glo  (population  5,598)  is  supplied  by  the  Nanty  Glo 
Borough  Water  Co.  The  main  supply  comes  from  two  small 
streams,  but  in  dry  seasons  one  drilled  well  is  also  used  (no.  409 ; 
see  log) . The  dam  impounds  about  500,000  gallons,  and  the  water 
is  distributed  by  gravity.  When  the  well  is  used,  the  water  is 
pumped  into  the  mains.  Pressures  in  the  borough  range  from  15 
to  85  pounds  to  the  square  inch.  The  average  daily  consumption 
is  about  100,000  gallons.  There  are  30  fire  hydrants  in  the  system. 
The  water  is  not  treated.  Several  nearby  mining  villages  are 
supplied  by  springs  and  small  streams,  and  one  comprising  54 
homes  is  supplied  from  well  438  by  the  Senwick  Water  Co.  The 
water  from  this  well  is  pumped  to  a 20,000-gallon  tank  at  an 
altitude  of  1,981  feet  and  is  distributed  by  gravity. 

The  mining  village  of  Revloc  is  supplied  by  the  Monroe  Coal 
Co.  with  water  from  a small  stream  and  from  water  rings  in  a 
mine  shaft  (no.  410).  The  average  daily  consumption  is  about 
70,500  gallons. 

About  120  homes  in  St.  Benedict  are  supplied  by  Peal,  Peacock 
& Kerr  from  spring  401.  The  water  is  distributed  by  gravity  from 
a 36,000-gallon  reservoir  and  is  not  treated. 

The  mining  village  of  St.  Michael  is  supplied  by  the  Berwind- 
White  Coal  Co.  from  water  rings  in  a mine  shaft  (no.  454;  see 
log).  The  water  is  pumped  at  the  rate  of  325  gallons  a minute 
into  a 100,000-gallon  tank  and  is  distributed  by  gravity.  Most 
of  the  water  is  used  by  the  boiler  house  and  the  mine,  and  the 
remainder  supplies  about  150  families. 

About  12  families  in  Salix  are  supplied  from  well  456  by  the 
Salix  Mutual  Water  Co.,  and  another  group  of  homes  is  supplied 
from  a dug  well  and  several  small  springs  owned  by  a Mr.  Felix. 

Sankertown  (population  917),  which  adjoins  Cresson,  is  fur- 
nished with  water  by  the  borough.  In  the  winter  a small  spring 
furnishes  all  the  water  needed,  but  in  the  summer  80  percent  of 
the  supply  comes  from  a small  stream.  The  stream  water  is  pur- 
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chased  in  a treated  condition,  but  the  spring  water  does  not  re- 
quire treatment.  The  spring  and  stream  flow  by  gravity  into  a 
250,000-gallon  open  reservoir  in  the  lower  part  of  the  borough, 
from  which  the  water  is  pumped  directly  into  the  mains  at  a 
pressure  of  40  to  55  pounds  to  the  square  inch.  There  are  15  fire 
hydrants  in  the  system. 

Part  of  Sidman  is  supplied  from  two  springs  and  one  drilled 
well  (no.  455)  owned  by  S.  R.  Miller,  and  the  remainder  is  sup- 
plied with  surface  water  by  the  Summit  Water  Supply  Co.  In 
wet  seasons  the  two  springs  supply  all  the  water  needed,  but 
during  several  years  after  the  drought  of  1930  the  well  was 
required  a large  part  of  the  time.  The  water  from  the  springs 
and  discharge  pipe  of  the  well  flows  into  two  concrete  reservoirs 
holding  84,000  and  10,800  gallons,  and  is  distributed  by  gravity. 
The  average  pressure  is  35  to  40  pounds  to  the  square  inch.  The 
average  daily  consumption  is  about  1,500  gallons.  The  water  does 
not  require  treatment.  The  water  from  the  drilled  well  is  of  good 
quality,  as  shown  by  analysis  455. 

Spangler  (population  2,761)  is  supplied  by  the  Northern 
Cambria  Water  Co.  Prior  to  1934  the  supply  came  entirely  from 
streams,  but  in  that  year  a drilled  well  (no.  391;  see  log)  was 
completed  and  is  now  available  as  an  emergency  source  during 
dry  weather.  Two  reservoirs  hold  a total  of  44,000,000  gallons. 
One  reservoir  receives  stream  water  by  gravity,  but  water  is 
pumped  over  a hill  to  the  other  reservoir.  The  stream  water  is 
distributed  by  gravity,  and  the  well  water,  after  chlorination,  is 
pumped  directly  into  the  mains.  Pressures  in  different  parts  of 
the  borough  range  from  50  to  86  pounds  to  the  square  inch.  The 
inhabitants  use  an  average  of  about  450,000  gallons  a day,  and  in 
addition  about  25,000  gallons  a day  is  sold  to  the  Pennsylvania 
Railroad.  There  are  17  fire  hydrants  in  the  system.  The  stream 
water  is  treated,  but  the  well  water  is  reported  to  be  of  good 
quality  and  probably  will  not  require  treatment. 

Summerhill  (population  785)  and  Ehrenfeld  are  supplied  by  the 
Forest  Water  Co.,  a subsidiary  of  the  Cambria  County  Water 
Supply  Co.  Prior  to  1933  the  supply  came  entirely  from  a small 
stream,  but  in  that  year  a drilled  well  (no.  436)  was  put  down. 
Owing  to  the  large  yield  and  good  quality  of  water  obtained  from 
the  well,  it  now  constitutes  the  main  supply,  and  the  stream  will 
be  used  in  emergencies.  The  water  from  the  well  and  stream  flows 
into  a 120,000-gallon  reservoir,  whence  it  is  distributed  by 
gravity.  Another  reservoir  holding  85,000  gallons  is  held  in 
reserve.  Water  is  fui'nished  to  1,600  to  1,800  people. 


Principal  water-bearing  bed 
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GROUND  WATER 


Remarks 

Cased  through  Brookville 

coal.  Yield  measured  by 

driller  in  fall  of  1932. 

Water  reported  to  con- 

tain excess  iron. 
Reported  draw-down  70 

feet  after  2 days’  pump- 

ing. Water  reported  to 
contain  excess  iron. 

Water  level  measured 

1930.  See  log. 

W'ater  ring  at  depth  of  90 

feet  collects  more  water 

than  ring  at  150  feet. 

Well  nearby  94  feet  deep 

reported  dry. 

Water  reported  to  be  of 

good  quality.  Nearby 

wells  reported  to  yield 

iron-bearing  water. 

' Water  reported  to  contain 

excess  iron. 

Y’ield  estimated  Aug.  17, 

1933;  reported  to  yield 

40  gallons  a minute  in 

wet  weather.  Water  is 

of  good  quality.  Temper- 

ature 54®F. 

Water  reported  to  be  iron- 

bearing. 

Crevice  at  depth  of  162 

feet  took  all  water  above. 

Colver  is  undermined. 

1 JO 
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D 
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D 
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{3}nuiai 

B suoii^a)  ppiA 

3 

280 

25 

? 

35  ± 

5 

2-3 

3 

7 

a 1J![  JO  poqjajM 

W <1  S Hlz; 

(J33J)  I3A3I 

jsjuii  oj  qjd3Q 

103 

20 

(?) 

(?) 

(?) 

48 

(?) 

162± 

(133J) 

aulSBO  JO  qj3u3T 

^ 2 1 c5  S S • S S ' 

Principal  water-bearing  bed 

Geologic 

horizon 

1 

Connoquenes- 
sing  ss 

do. 

Upper  Alle- 
gheny and 
Lower  Cone- 
maugh 

Lower  Cone- 
maugh 

Buffalo  83.=*=. . 

Buffalo  ss 

do. 

Mahoning  ss. . 

Freeport  ss.  . . 

Character  of 
material  ^ 

1 Hard  ss. . . . 

1 

Sandstone. . 

? 

Slate 

Sandstone . . 

(?) 

Sandstone.  . 

do. 

Shale 

(}33J) 

seaajjoiijx 

(?) 

37 

(?) 

43.5 
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12 
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60 

63.5 

75 

99 

181 

,j  ^jddne  jo  ad^x 

Dr 

Dr 

MS 

Dr 

Dr 

Dr 

Sp 

Dr 

Dr 

. (J33J)  apnji^iv 

1,840 

1,680 

1,900 

1,920 

2,300 
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UOI'JRn^lB 

oiqd^jSodojL 

Valley 

do. 

do. 

Canyon 

Hillside 

! 

do. 

do. 

do. 

Canyon 

Owner  or  name 

Stanley  Nipps 

Nanty  Glo  Borough 
Water  Co, 

Monroe  Coal  Co 

Seth  Stevens 

J,  Stanko 

T.  L.  Altemus 

Ebensburg  Coal  Co . . 

do. 

Cambria  & Indiana 

R.  R. 

Location 

1 mile  north  of 
Nanty  Glo 

Nanty  Glo 

Cambria  Township 

Revloc 

0.8  mile  west  of 
Ebensburg 

2.0  miles  southeast 
of  Colver 

Tripolo 

1.8  miles  east  of 
Colver 

do. 

0.7  mile  southeast 
of  Colver 

No. 
on 
pi.  2 
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Partial  analyses  of  ground  waters  from  Cambria  County 
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WELL  LOGS 

North  Cambria  IVater  Co.,  at  Spangler 


[No.  391.  Authority,  Hoffman  Bros.,  drillers] 


Thick- 

ness 

(feet) 

Depth 

(feet) 

Thick- 

ness 

(feet) 

Depth 

(feet) 

Surface  material 

62 

62 

Sandstone,  light 

27 

126 

Shale,  dark 

3 

65 

Sandstone,  dark 

3 

129 

Coal 

. 5 

65 . 5 

Sandstone,  gray 

76 

205 

Shale,  dark 

2.5 

68 

Shale,  dark 

20 

225 

Sandstone,  gray 

2 

70 

Shale,  gray 

9 

234 

Shale,  dark 

10 

80 

Sandstone,  gray 

36 

270 

Shale,  dark  with  coal  streaks. . . 

8 

88 

Shale,  gray 

27 

297 

Shale,  gray 

11 

99 

Sandstone,  light 

65 

362 

Carroiltozvji  Water  Co.j  Jicar  Carrolltou'u 
[No.  398.  Authority,  Hoffman  Bros.,  drillers] 


Soil  and  decomposed  rock 

21 

21 

Shale,  dark,  clay 

24 

117 

Sandstone 

12 

33 

Shale,  dark 

8 

125 

Clay 

8 

41 

vShale,  gray 

55 

180 

Shale,  “lime” 

20 

61 

Slate,  dark  (water-bearing) . . . 

28 

208 

Shale,  gray 

32 

93 

Cambria  Coiuity  H^ater  Supply  Co.,  near  Marstellar  (Moss  Creek) 

[No.  404.  Authority,  Hoffman  Bros.,  drillers] 


Soil  and  decomposed  rock 

50 

50 

Shale,  dark 

6 

104 

Slate,  black 

17 

67 

Slate,  black 

20 

124 

Coal  (Lower  Freeport,  D) 

1 

68 

Coal  (Upper  Kittanning,  C') . . 

3 

127 

Shale,  sandy 

10 

78 

Fire  clay 

6 

133 

Slate,  dark 

7 

85 

Shale,  sandy 

7 

140 

"Rock,”  sandy 

3 

88 

Sandstone  (water-bearing) .... 

18.5 

158.5 

Shale  and  clay 

10 

98 

Ebenshtirg  Coal  Co.,  near  Colver^ 

(No.  405.  Authority,  D.  Fleming,  supt.j 


Thick- 

ness 

(feet) 

Depth 

(feet) 

Soil  and  decomposed  rock 

27 

27 

Clay,  tough 

10 

37 

Slate,  black 

35 

72 

Sandstone,  gray 

42 

114 

Sandstone,  black 

11 

125 

Slate,  black 

17 

142 

Sandstone,  with  streaks 

of  slate 

38 

180 

Sandstone,  black 

6 

186 

Sandstone,  grav  (water- 

bearing) 

4 

190 

Sandstone,  hard 

1 

191 

Slate,  black 

12 

203 

Coal  (Lower  Kittan- 

ning,  B) 

4 

207 

Fire  clay 

20 

227 

Sandstone 

30 

257 

Slate,  dark 

4 

261 

Coal  (Brookville,  A) 

1 . 5 

262.5 

Thick- 

ness 

(feet)"“ 

Depth 

(feet) 

Sandstone,  white 

37.5 

300 

4) 

Sandstone,  dark . 

29 

329 

Homewo 
sandstoi 
! membe 

Shale,  sandy 

Shale,  black, 

11 

• 

340 

sandy 

Sandstone,  hard 

14 

354 

gray 

13 

367 

u u 

Coal  (Mercer) . . . 

1 

368 

Merc 
1 shak 

memb 

Fire  clay 

2 

370 

Slate,  white 

11 

381 

4)  o 

Sandstone,  brown 
Sandstone,  hard. 

5 

386 

O.S5.5 

w'hite 

52 

438 

G a>  <1^ 

s g g 

to 

[Sandstone,  brown 

8 

446 

Sandstone,  green 

6 

452 

[shale,  green 

12 

464 

Sandstone,  green 

22 

486 

Sandstone,  gray . 
Sandstone,  hard. 

11 

497  . 

white 

Sandstone,  hard. 

24 

521 

.S.S 

gray 

10 

531 

So  ” 

Sandstone,  soft, 
white  (water- 

bearing) 

10 

541 

Tentative  geologic  correlation  by  S.  W.  Lohman. 
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Nauty  Glo  Borough  Water  Co.,  Nanty  Glo 


[No.  409.  Authority,  J.  J.  Conrad,  commissioner] 


Thick- 

ness 

(feet) 

Depth 

(feet) 

Thick- 

ness 

(feet) 

Depth 

(feet) 

Soil  and  decomposed  rook 

36 

36 

Shale,  white 

12 

152 

Sandstone 

20 

56 

Sandstone  (crevice  near  base 

36 

92 

37 

189 

Sandstone 

29 

121 

“Rock,”  red 

1 

190 

“Hock,”  red  (some  water) 

19 

140 

Colvcr  Water  Co.,  Vetera 


(No.  420.  Authority,  D.  Flemming,  supt.) 


Thick- 

ness 

(feet) 

Depth 

(feet) 

Soil  and  decomposed  rock .... 

22 

22 

Fire  clay,  hard 

38 

60 

Shale,  sandy 

15 

75 

Sandstone  (water-bearing) .... 

20 

95 

Slate,  black 

3 

98 

Coal  (Lower  Freeport,  D) . . . . 

3 

101 

E.  L.  Williams,  Parktoivu 


[No.  449.  Authority,  W.  A.  Horner,  driller) 


Thick- 

ness 

(feet) 

Depth 

(feet) 

Soil  and  decomposed  rock .... 

20 

20 

Sandstone,  hard  (Saltsburg) . . 

50 

70 

Fire  clay 

30 

100 

Slate  (water-bearing) 

45 

145 

Sandstone,  hard 

10 

155 

B.  F.  Heckler,  near  Walnut  Grove 


[No.  450.  Authority,  R,  Phaler,  chief  engineer  Berwind-White  Coal  Co.) 


Thick- 

ness 

(feet) 

Depth 

(feet) 

Thick- 

ness 

(feet) 

Depth 

(feet) 

Sandstone  (Saltsburg) 

35 

35 

Limestone,  gray  (Lower 

40 

75 

207 

10 

85 

30 

237 

Fire  clay  and  shale 

70 

155 

Sandstone,  medium  hard 

10 

247 

Slate,  black  (well  plugged  at 

Sandstone,  very  hard 

13 

260 

this  depth) 

5 

160 

Coal  (Upper  Kittanning,  C') . . 

3.5 

263.5 

Coal  (Upper  Freeport,  E,  mined 

Shale,  sandy  

6 

269.5 

3 

163 

60 

329.5 

Slate,  dark 

6 

169 

Shale,  dark,  sandy 

24 

353.5 

Shale  and  6re  clay 

18 

187 

Slate,  black 

7 

360.5 

Shale,  dark,  sandy 

9 

196 

Coal  (Lower  Kittanning,  B) . . 

3.5 

364 

4 

200 

11 

375 

Coal  (Lower  Freeport,  D) 

2 

202 

Partial  log  of  mine  shaft  of  Berwind-White  Coal  Co.,  near  St.  Michael 

[No.  454.  Authority,  R.  Phaler,  chief  engineer  Berwind-White  Coal  Co.] 


Thick- 

ness 

(feet) 

Depth 

(feet) 

Thick- 

ness 

(feet) 

Depth 

(feet) 

23  6 

23.6 

19 

215 

2 

25.6 

.5 

215.5 

7.7 

33.3 

19.5 

235 

12 

45.3 

7 

242 

7.8 

53.1 

9 

251 

10.2 

63.3 

.3 

251.3 

Coal 

.8 

64.1 

Shale,  dark  (water  ring  No.  3, 

24.7 

88.8 

10.5 

261.8 

Shale,  red,  and  fire  clay  (water 

Coal ; 

1.2 

263.0 

ring  No.  1,  200-300  gallons  a 

Interval. 

23.2 

112 

474 

Fire  clay,  sandy 

17 

129 

Interval. 

7 

136 

577 

Shale,  dark 

12 

148 

Interval. 

1 

149 

637 

Coal 

1.5 

150.5 

Interval. 

27.5 

178 

666 

Shale,  light,  sandy 

7 

185 

Interval. 

5 

190 

907 

Shale,  light,  sandy  (water  ring 

No.  2,  674  gallons  a minute) . 

6 

196 

CEMllE  COL  NTV 

Area  1,146  square  miles.  Population  (1930)  46,29  1. 
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Centre  County  is  the  largest  county  in  the  area  covered  by 
this  report  and  the  second  largest  in  Pennsylvania.  As  its  name 
implies,  it  contains  the  geographic  center  of  the  State.  It  is 
mountainous  and  rather  sparsely  populated,  with  only  about  40 
inhabitants  to  the  square  mile,  as  against  215  for  the  entire 
State.  Most  of  the  people  in  Centre  County  live  in  the  fertile 
Nittany  and  Penns  Valleys  and  on  the  plateau  at  Philipsburg. 
Belief onte.  State  College  (home  of  Pennsylvania  State  College), 
and  Philipsburg,  with  populations  in  1930  of  4,804,  4,450,  and 
3,600,  respectively,  are  the  only  boroughs  with  1,000  or  more 
inhabitants.  Only  about  34  percent  of  the  total  land  area  is  de- 
voted to  farming,  the  remainder  consisting  principally  of  forested 
ridges.  Considerable  limestone  is  quarried  in  Nittany  Valley, 
and  coal  and  flint  clay  are  mined  on  the  plateau  in  the  western 
part  of  the  county.  The  Federal  census  of  1929  credits  the  county 
with  only  58  manufacturing  establishments  whose  products  were 
valued  at  $5,000  or  more  annually  each. 

GEOGOGY 

The  geologic  formations  exposed  in  Centre  County  range  from 
the  Warrior  limestone,  of  Upper  Cambrian  age,  to  the  Conemaugh 
formation,  of  Pennsylvanian  age  (pi.  1).  The  character  and 
water-bearing  properties  of  the  formations  are  given  in  the  first 
half  of  this  report.  The  oldest  formations,  the  Cambrian  and 
Ordovician  limestones  and  dolomites,  crop  out  in  the  large  fertile 
valleys  that  characterize  the  eastern  part  of  the  county,  includ- 
ing Nittany,  Penns,  and  Brush  Valleys.  The  youngest  rocks,  the 
Carboniferous  formations,  crop  out  only  on  and  west  of  the 
Allegheny  Front.  The  Devonian  rocks  crop  out  as  a long,  straight 
band  in  Bald  Eagle  Valley  and  on  the  east  slope  of  the  Allegheny 
Front  (pi.  4,  A).  The  Silurian  rocks  form  the  slopes  and  crests 
of  the  high  ridges  east  of  Bald  Eagle  Valley.  The  Allegheny 
Mountains,  the  highest  part  of  the  county,  are  formed  by  the  up- 
turned edge  of  the  Pocono  formation.  The  highest  ridges  east 
of  the  Allegheny  Mountains  are  formed  by  the  Tuscarora  quartz- 
ite, the  next  highest  by  the  Oswego  sandstone.  The  most  pro- 
nounced folds  are  the  Nittany  anticline,  Penns  Valley  anticline, 
and  Nittany  Mountain  syncline.  There  are  numerous  minor  folds, 
and  within  Nittany  Valley  there  are  several  faults. 

The  Allegheny  Front  traverses  the  western  part  of  the  county, 
so  that  part  of  the  county  lies  in  the  plateau  province,  and  the 
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remainder  lies  in  the  Ridge  and  Valley  province.  A view  of  the 
Allegheny  Front  in  Centre  County  is  shown  in  plate  4,  A.,  The 
Allegheny  Mountains  in  the  southwestern  part  rise  to  an  altitude 
of  2,580  feet,  the  highest  point  in  the  county.  Altitudes  of  more 
than  2,400  feet  are  found  in  the  Seven  Mountains  district,  in 
Harris  Township.  Bald  Eagle  Creek  crosses  the  Clinton  County 
line  at  an  altitude  of  about  580  feet,  the  lowest  point  in  the 
county.  The  maximum  relief  is  therefore  2,000  feet. 

Centre  County  is  drained  largely  by  the  West  Branch  of  the 
Susquehanna  River,  through  Bald  Eagle  and  Moshannon  Creeks. 
Spruce  and  Halfmoon  Creeks  carry  part  of  the  drainage  in 
Nittany  Valley  southward  to  the  Juniata  River,  and  Penn  Creek 
carries  the  drainage  of  the  southeastern  part  of  the  county  east- 
ward to  the  Susquehanna  River  at  Selinsgrove. 

GnOnNU  AVATEK 

The  Cambrian  and  Ordovician  limestones  and  dolomites  are 
the  most  productive  water-bearers  in  Centre  County  and  give 
rise  to  some  of  the  largest  springs  in  the  area,  including  spring 
115  (pi.  15,  B),  spring  118,  Bellefonte  Spring  (no.  119,  pi.  15,  A), 
spring  121,  spring  143,  Rising  Spring  (no.  144),  Thompson  Spring 
(no.  165),  spring  178,  and  several  others  for  which  no  descrip- 
tions are  given  in  the  tables.  The  variation  in  the  discharge  of 
Thompson  Spring  (no.  165)  is  shown  in  plate  10  and  figure  5. 
(See  also  plate  14.)  The  Devonian  formations  and  most 
of  the  Silurian  formations  have  not  been  exploited  beyond  do- 
mestic needs  in  Centre  County,  although  in  the  adjacent  Blair 
and  Clinton  Counties  some  of  them  are  important  water-pro- 
ducers. The  Pottsville  formation  is  very  productive  in  Philips- 
burg  and  vicinity. 

Ground  water  for  domestic  and  stock  use  is  derived  largely 
from  springs  and  dug  wells  but  in  part  from  drilled  wells  and 
cisterns.  Many  of  the  villages,  such  as  Blanchard,  Nittany, 
Moshannon,  and  Hublersburg,  are  supplied  largely  from  dug 
wells ; others,  such  as  Snydertown  and  Potter  Mills,  are  supplied 
chiefly  by  springs.  In  many  places  in  Nittany  Valley  the  water 
table  stands  so  far  beneath  the  surface  that  deep  wells  must  be 
drilled  for  water,  as  in  Zion  and  in  most  of  the  areas  underlain 
by  the  Gatesburg  formation,  known  as  The  Barrens,  Rocky 
Ridge,  and  Gatesburg  Ridge.  The  dug  wells  obtain  water  princi- 
pally from  soil  or  decomposed  rock,  as  there  is  very  little  alluvium 
along  most  of  the  streams  except  locally  along  Bald  Eagle  Creek. 
The  water  levels  in  a shallow  dug  well  in  Central  City  (no.  106) 
are  measured  weekly.  (See  pp.  36-39.) 
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There  is  relatively  little  industiial  use  ot  ground  water  in 
Centre  County,  but  some  is  used  for  cooling  and  condensing  in 
dairies,  ice  plants,  and  breweries.  Large  quantities  of  ground 
water  are  used  for  public  supply,  as  described  below. 

Records  were  obtained  of  only  two  liowing  wells  in  Centre 
County  (nos.  97  and  186),  but  it  is  possible  that  other  flowing- 
wells  might  be  obtained  in  the  Houtzdale  syncline  along 
Aloshannon  Creek,  in  the  western  part  of  the  county. 

Analyses  of  6 samples  of  water  collected  from  wells  and  springs 
and  of  2 samples  collected  from  small  mountain  streams  are  tabu- 
lated below.  None  of  the  samples  contained  iron  in  objectionable 
amounts,  but  excess  iron  is  reported  from  some  of  the  Pottsville 
and  Marcellus  waters  (wells  95,  97,  107,  and  108).  Most  of  the 
waters  from  the  Cambrian  and  Ordovician  limestones  and  dolo- 
mites are  of  good  quality  and  are  only  moderately  hard,  as  indi- 
cated by  analyses  119,  163,  164,  and  172.  Very  hard  water  was 
obtained  in  well  104  from  the  Cayuga  group.  Very  soft  water  is 
obtained  from  numerous  small  springs  issuing  from  the  ridges 
composed  of  the  Tuscarora,  Juniata,  and  Oswego  formations,  the 
water  being  comparable  in  quality  to  that  found  in  the  small 
mountain  streams  (analyses  A,  B).  The  quality  of  water  to  be 
expected  from  the  different  geologic  formations  is  summarized 
on  pages  80,  81. 


I'lIBl.IC  STjri'MES 

The  two  largest  boroughs  and  most  of  the  smaller  places  in 
Centre  County  are  supplied  with  ground  water  or  with  a combina- 
tion of  surface  and  ground  water.  Philipsburg  is  the  only  large 
borough  supplied  wholly  by  surface  water,  and  surface  water 
supplies  also  Aaronsburg,  Boalsburg,  Howard,  Milesburg,  Mill- 
heim,  Mingoville,  Monument,  Mount  Eagle,  Orviston,  and  the 
State  penitentiary  at  Rockview.  The  15  public  supplies  using 
ground  water  or  a combination  of  ground  and  surface  water  are 
described  below. 

Bellefonte,  the  county  seat  (population  4,804),  is  supplied  by 
the  Bellefonte  Borough  Water  Co.  from  Bellefonte  Spring  (no. 
119),  after  which  the  borough  was  named.  A view  of  Bellefonte 
Spring,  the  second  largest  spring  in  Pennsylvania,  and  the  main 
pumping  plant  is  shown  in  plate  15,  A.  Water  from  the  spring 
is  pumped  by  one  of  five  pumps  directly  into  the  distributing- 
mains,  and  the  excess  water  flows  into  a 370,000-gallon  concrete 
reservoir.  Three  of  the  pumps  are  operated  by  water  power,  two 
of  1,200  and  1,500  gallons  a minute  capacity  being  operated  by 
Spring  Creek  and  one  of  150  gallons  a minute  capacity  by  the 
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overflow  of  Belief onte  Spring.  For  emergency  use,  there  are  also 
two  electrically  driven  centrifugal  pumps  with  a capacity  of  950 
and  1,200  gallons  a minute,  which  are  located  at  another  plant. 
A few  houses  above  the  reservoir  in  the  highest  part  of  the 
borough  are  served  by  a 50-gallon  a minute  booster  pump  oper- 
ating in  connection  with  a pneumatic  pressure  tank.  The  pres- 
sure in  the  lowest  part  of  the  borough  is  about  90  pounds  to  the 
square  inch.  The  average  daily  consumption  is  about  2,500,000 
gallons,  part  of  which  is  used  by  the  railroad  and  several  indus- 
tries. There  are  88  fire  hydrants  in  the  system.  There  are  no 
meters,  and  owing  to  the  abundance  of  water  available  no  attempt 
is  made  to  conserve  water.  The  water  does  not  require  treatment 
and  is  of  good  quality,  as  shown  by  analysis  119. 

Centre  Hall  (population  658)  is  supplied  by  the  Centre  Hall 
Borough  Water  Co.  from  five  small  springs  that  issue  from  the 
Oswego  sandstone  on  Nittany  Mountain,  northwest  of  the 
borough.  The  five  springs  yield  a total  of  about  100  gallons  a 
minute  in  wet  seasons  but  are  inadequate  in  dry  seasons,  when 
two  drilled  wells  (nos.  147  and  148)  augment  the  supply.  The 
water  from  the  springs  and  wells  discharges  into  a 380,000-gallon 
open  concrete  reservoir,  whence  it  is  distributed  by  gravity. 
Pressures  in  the  borough  range  from  80  to  120  pounds  to  the 
square  inch.  There  are  25  fire  hydrants  in  the  system.  The  daily 
consumption  is  not  known,  but  all  the  inhabitants  are  supplied. 
The  water  is  not  treated  in  any  way.  The  water  from  all  the 
springs  and  well  147  is  reported  to  be  very  soft,  but  the  water 
from  well  148  (in  limestone)  is  moderately  hard. 

In  Clarence  33  families  are  supplied  by  the  Clarence  Water 
Co.  owned  by  J.  F.  Uzzell.  The  supply  comes  from  a spring  in 
a sandstone  in  the  Pocono  formation,  which  discharges  about  20 
gallons  a minute  and  flows  into  two  reservoirs,  whence  it  is  dis- 
tributed by  gravity.  The  reservoirs  are  formed  by  small  concrete 
dams  across  a ravine,  the  upper  reservoir,  which  is  used,  dis- 
charging into  the  lower  one,  which  is  held  in  reserve.  There  are 
two  fire  hydrants  in  the  system.  The  daily  consumption  is  not 
known.  Chloride  of  lime  is  added  to  the  water  at  regular  intervals. 
The  supply  was  reported  to  have  been  very  low  in  1930.  Several 
drilled  wells  in  Clarence  100  to  200  feet  deep  are  reported  to 
yield  water  of  poor  quality. 

Madisonburg  is  supplied  by  the  Madisonburg  Water  Supply 
Co.  from  three  small  springs  that  issue  from  the  Oswego  sand- 
stone on  the  ridge  to  the  north.  The  water  flows  into  a 1,200- 
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gallon  concrete  reservoir  and  is  distributed  by  gravity.  About 
50  families  are  supplied.  The  water  is  not  treated  in  any  way. 

Pine  Grove  Mills  is  supplied  from  spring  177  by  the  Pine  Grove 
Water  Co.  The  water  Hows  into  two  covered  masonry  reservoirs 
holding  1,900  and  13,000  gallons,  and  is  distributed  by  gravity 
to  104  houses  and  stores  and  to  1 fire  hydrant.  The  water  is 
reported  to  be  very  soft  and  is  not  treated  in  any  way. 

Pleasant  Gap  is  supplied  by  the  Pleasant  Gap  Water  Supply 
Co.  The  main  source  is  4 springs  that  issue  from  the  Juniata 
formation  along  the  canyon  of  Gap  Run.  A small  tributary  of 
Gap  Run  is  available  as  an  emergency  supply.  Well  133  was 
drilled  for  a supplementary  supply  but  is  not  used,  owing  to  the 
poor  quality  of  the  water  and  the  small  yield.  The  springs  dis- 
charge into  a 72,000-gallon  covered  concrete  reservoir  near  the 
well,  and  the  water  is  distributed  by  gravity  at  house  pressures 
ranging  from  90  to  135  pounds  to  the  square  inch.  About  200 
families  and  1 limestone  quarry  are  supplied.  There  are  15  fire 
hydrants  in  the  system.  The  spring  water  is  not  treated,  but 
chloride  of  lime  is  added  to  the  stream  water  when  this  supply 
is  used. 

Port  Matilda  (population  508)  is  supplied  by  the  Port  Matilda 
Water  Co.  from  two  springs  on  Bald  Eagle  Mountain.  One  spring, 
reported  to  yield  soft  water,  issues  from  the  bottom  of  one  of 
two  small  reservoirs;  the  other  (no.  190),  which  issues  above  the 
reservoir,  yields  moderately  hard  water,  as  shown  by  analysis 
190.  The  water  is  distributed  by  gravity  at  a maximum  pressure 
of  about  110  pounds  to  the  square  inch.  The  water  is  not  treated. 

Rebersburg  and  Smulton  are  supplied  by  the  Rebersburg  & 
Smulton  Water  Co.  from  a spring  on  the  mountain  south  of 
Smulton.  The  spring  presumably  issues  from  the  Oswego  sand- 
stone and  is  reported  to  yield  about  200  gallons  a minute.  The 
reservoir  supplying  Rebersburg  holds  28,000  gallons  and  one 
supplying  Smulton  holds  600  gallons.  The  water  is  distributed 
by  gravity.  About  70  people  in  Smulton  and  300  people  and  10 
fire  hydrants  in  Rebersburg  are  supplied.  The  water  is  not  treated. 

Snow  Shoe  (population  520)  is  supplied  by  the  Snow  Shoe 
Water  Co.  from  a small  stream  and  one  spring  about  21/0  miles 
southeast  of  the  borough,  about  75  percent  of  the  water  being- 
obtained  from  the  stream.  Storage  is  furnished  by  two  open 
reservoirs  near  the  spring  having  a total  capacity  of  100,000 
gallons,  and  the  water  is  distributed  by  gravity.  Pressures  in 
the  borough  range  from  25  to  60  pounds  to  the  square  inch. 
About  112  families  and  12  fire  hydrants  are  supplied,  and  in  addi- 
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lion  considerable  water  is  sold  to  the  Pennsylvania  Railroad  for 
locomotive  boilers.  The  water  is  chlorinated. 

About  25  families  and  1 silk  mill  in  Spring  Mills  are  supplied 
by  the  Rising  Spring  Water  Co.  from  two  small  springs  on  Egg 
Hill.  The  water  is  stored  in  a 33,000-gallon  concrete  reservoir, 
is  distributed  by  gravity,  and  is  not  treated.  Another  group  of 
15  to  18  families  is  supplied  by  the  Spring  Mills  Water  Co.  from 
one  spring  and  one  dug  well  in  the  Reedsville  shale  on  the  side 
of  Egg  Hill.  Water  flows  from  the  dug  well  through  a pipe  driven 
into  the  downhill  side.  The  water  is  stored  in  a 150-gallon  tank 
and  a 1,600-gallon  concrete  reservoir  and  is  distributed  by 
gravity.  It  is  not  treated. 

State  College  (population  4,450)  is  supplied  by  the  State 
College  Water  Co.  The  main  supply  comes  from  an  impounding 
dam  on  Roaring  Run  at  the  gap  in  Tussey  Mountain  one  mile 
from  Shingletown  and  31/2  miles  southeast  of  State  College.  From 
the  impounding  reservoir,  which  holds  350,000  gallons,  the  water 
flows  by  gravity  to  a 1,000,000-gallon  standpipe  just  outside  the 
borough  and  is  distributed  by  gravity.  There  are  also  two 
auxiliary  wells,  one  at  the  standpipe  (no.  164)  and  one  below  the 
Shingletown  Gap  reservoir  (no.  172),  from  which  water  is 
pumped  directly  into  the  mains  by  two  centrifugal  pumps.  Pres- 
sures in  the  borough  range  from  30  to  70  pounds  to  the  square 
inch.  The  daily  consumption  ranges  from  400,000  to  860,000 
gallons.  The  stream  furnishes  all  the  water  needed  in  wet 
weather,  but  in  dry  weather,  when  the  stream  flows  less  than 
400,000  gallons  a day,  the  wells  are  used.  There  are  73  fire 
hydrants.  Two  ice  cream  manufacturers,  one  ice  plant,  and  the 
Belief  on  te  Central  Railroad  are  supplied,  and  there  is  an  emer- 
gency interconnection  with  the  private  water  system  of  the 
Pennsylvania  State  College  (described  below).  Analyses  of  the 
water  from  the  stream  and  wells  tabulated  below  (nos.  164,  172, 
and  A)  show  that  the  stream  water  is  very  soft,  that  from  well 
172  is  relatively  soft,  and  that  from  well  164  is  only  moderately 
hard.  The  water  from  all  sources  is  chlorinated.  Several  unsuc- 
cessful wells  (nos.  173-176)  were  drilled  in  Shingletown  Gap 
before  well  172  (see  log)  was  finally  put  down. 

The  water  supply  of  Pennsylvania  State  College,  in  the  borough 
of  State  College,  comes  largely  from  a drilled  well  on  the  campus 
(no.  163)  and  in  part  from  a small  stream  at  Musser  Gap,  on 
Tussey  Mountain,  about  31/2  miles  to  the  south.  Three  additional 
wells  were  recently  put  down  a mile  north  of  the  borough,  two 
of  which  (nos.  159-161;  see  logs)  may  be  used  to  increase  the 
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supply.  From  a small  catch  basin  in  the  stream  at  Musser  Gap 
the  water  is  distributed  by  gravity,  and  water  from  the  well  is 
pumped  directly  into  the  mains  by  a centrifugal  pump.  The 
average  pressure  on  the  campus  is  about  60  pounds  to  the  square 
inch.  There  are  45  fire  hydrants  in  the  system,  and  there  is  an 
emergency  interconnection  with  the  borough  water  system.  When 
the  college  is  in  session  the  average  daily  consumption  is  about 
350,000  gallons,  70  percent  of  which  comes  from  the  well.  Of  this 
amount  33,000  gallons  is  used  by  the  dairy.  All  the  water  is 
chlorinated.  As  shown  by  analyses  B and  163,  the  stream  water 
is  very  soft,  and  the  well  water  is  moderately  hard. 

Unionville  (population  304)  is  supplied  by  the  Unionville 
Water  Co.  from  four  small  limestone  springs  on  Bald  Eagle 
Mountain,  east  of  the  borough.  The  springs  discharge  into  a 
40,000-gallon  covered  concrete  reservoir,  from  which  water  is 
distributed  by  gravity  at  an  average  pressure  in  the  borough  of 
85  pounds  to  the  square  inch.  There  are  15  fire  hydrants.  About 
90  families  and  1 ice  plant  are  supplied. 

Woodward  is  supplied  by  the  Woodward  Water  Co.  from  two 
small  springs  that  issue  from  the  Oswego  sandstone  in  Woodward 
Gap,  to  the  south.  A third  spring  is  held  in  reserve.  The  springs 
discharge  into  a 1,900-gallon  concrete  and  stone  reservoir,  whence 
water  is  distributed  by  gravity  at  an  average  pressure  of  125 
pounds  to  the  square  inch.  There  are  8 fire  hydrants.  About  120 
people  are  supplied,  and  the  water  is  not  treated  in  any  way. 
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“ Altitudes  taken  from  nearest  contour  on  topographic  maps  unless  otherwise  indicated.  No  Dol.  dolomite;  Is.  limestone;  sh,  shale:  ss,  sandstone. 

topographic  maps  in  eastern  end  of  county.  A,  air  lift;  F,  natural  How;  H,  lift  pump,  hand-operated;  I,  pitcher  pump,  hand-operated;  N,  none; 

b Dr.  drilled  well:  Du,  dug  well;  DD,  dug  and  drilled  well;  Sp,  spring.  P,  force  pump,  power-operated;  S,  suction  pump,  power-operated:  T,  turbine  pump. 

NB.  near  bottom;  SL,  see  log  for  water-bearing  beds.  'C.  condensing  or  cooling;  D,  domestic;  E,  generate  power;  F,  fish  hatchery;  I,  industrial;  N,  none; 

P,  jmblic  supply;  R,  railroad:  S.  stock. 


Analyses  of  ground  and  surface  waters  from  Centre  County 
[Analyzed  by  E.  W.  Ijohr.  Parts  per  million.  Numbers  at  heads  of  columns  refer  to  corresponding  numbers  in  the  preceding  table  and  on  pi.  2.] 
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0.4 

.04 

1.9 

1.3 

1.1 

,6 

12 

3.7 

.5 

.0 

.05 

23 

10 

•June  14 

5.3 

.02 

1.1 

.9 

1.0 

. 5 

6.0 

3.2 

.5 

.0 

.05 

16 

6.4 

June  14 

190 

8.6 

.02 

60 

6.2 

2.3 

1.0 

193 

16 

1.1 

. 1 

.30 

200 

175 

July  16 

ISO 

32 

} 1 

161 

h 20 

.8 

.1 

.0 

“ 151 

150 

July  16 

I-- 

5 . 5 

.01 

14 

3.8 

1.3 

. 7 

55 

6.3 

.6 

.0 

.24 

59 

51 

June  14 

CD 

r-H 

7.2 

.03 

43 

21 

3.5 

1.1 

202 

9.4 

4.8 

.0 

18 

206 

194 

June  14 

163 

7.2 

.03 

49 

27 

5.4 

1.2 

239 

12 

10 

.0 

20 

257 

233 

June  14 

119 

11 

.02 

27 

13 

4.7 

1.0 

135 

7.7 

6.2 

.2 

2.4 

140 

121 

July  10 

Silica  (Si02) 

Iron  (Fe) 

Calcium  (Ca) 

Magnesium  (Mg) 

Sodium  (Na) 

Potassium  (K) 

Bicarbonate  (HCOs) 

Sulphate  (SO4) 

Chloride  (Cl) 

Fluoride  (F) 

Nitrate  (NO3) 

Total  dissolved  solids 

Total  hardness  as  CaCOs  (calculated) 

Date  of  collection  (1934) 

O 

O 


a 

B 

a 


(O 


o 

O 


about  80  gallons  a minute  in  summer. 
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Log  of  wells  of  the  I’ennsylz'aiiiu  Stale  College,  near  State  College 


(Authority,  Dept,  of  Grounds  and  Buildings,  Pennsylvania  State  Co!lcg(‘] 


Well  2 (no.  lo9) 

Thick- 

ness 

(feet) 

Deptli 

(feet) 

Well  3 (no.  160) 

Thick- 

ness 

(feet) 

Depth 

(feet) 

Earth 

2,S 

28 

Earth 

3 

3 

lumestone  (loose  block) 

2 

30 

Tiimestone 

15 

18 

7 

37 

o 

20 

Limestone  (loose  block) 

13 

50 

Limestone 

18 

38 

Sandstone 

o 

40 

Earth  (lowerpart  wator-boariiiK) 

5 

55 

Limestone 

12 

52 

Limestone 

0 

64 

Sandstone 

•> 

54 

Sandstone 

4 

()S 

Limestone  (cavities  at  GO  and 

Limestone 

2 

70 

G5  feet) 

20 

74 

Sandstone 

12 

86 

Limestone,  disintegrated 

17 

87 

Limestone,  blue  (water-bearing 

Limestone,  sandv 

3 

90 

channel  at  90  feet) 

19 

105 

Limestone 

18 

108 

Sandstone 

5 

no 

Limestone,  disintegrated 

7 

115 

Limestone,  blue.  . 

8 

118 

Sandstone,  white  (water-bear- 

Limestone,  gray 

9 

124 

ing  at  124  lent,  dynamited  at 

Sandstone 

10 

134 

123  feet,  100-pound  charge) . 

17 

135 

3 

137 

3 

138 

Sandstone 

5 

142 

Sandstone 

1 

139 

Limestone 

1 

140 

Limestone,  gray 

26 

168 

Sandstone 

2 

142 

Sandstone 

O 

170 

Limestone 

2 

144 

10 

180 

15 

159 

Sandstone 

2 

182 

Limestone 

9 

168 

Sandstone,  white 

1 

169 

Limestone,  gray 

6 

188 

Limestone,  blue 

10 

179 

Sandstone,  hard,  gray 

7 

195 

Sandstone 

5 

184 

Limestone,  gray 

5 

200 

Limestone,  blue 

4 

188 

1 

201 

3 

191 

Limestone 

5 

196 

Limestone,  gray 

16 

217 

Sandstone  (cavity  at  214  feet) 

28 

224 

3 

220 

12 

230 

4 

224 

s 

244 

Sandstone 

2 

226 

Limestone,  gray 

G 

250 

Sandstone 

8 

258 

Limestone,  gray 

9 

235 

Limestone,  blue 

5 

263 

Sandstone,  white 

6 

241 

Limestone,  gray,  sandy 

12 

275 

13 

254 

(> 

281 

Sandstone,  white,  shaly 

5 

259 

Sandstone,  white 

8 

289 

Limestone,  sandv 

11 

270 

Limestone,  blue 

5 

294 

Limestone,  gray,  sandy 

8 

302 

Sandstone,  white 

8 

310 

Limestone,  sandv 

1 1 

324 

Tamestone 

10 

334 

Log  of  wells  of  the  Pennsylvania  State  College,  near  State  College — Continued 


Well  1 (no.  101) 

Thickness 

(feet) 

Depth 

(feet) 

21 

21 

Sandstone  (water-bearing  at  24  feet) 

37 

58 

Tamestone 

17 

/o 

Tamestone,  sandv  (water-bearing  channels  at  70  and  119  feet) 

64 

139 

Limestone  and  siliceous  oolite 

6 

145 

Limestone,  sandy 

15 

160 

Limestone 

6 

166 

Limestone,  with  sand  trains 

22 

188 

Sandstone 

28 

216 

Limestone  (water-bearing  channel  at  219) 

23 

239 

Limestone,  sandy  (water-bearing  channels  at  241  and  248  feet; 

reduced  from  12  to  8 inches  at  252  feet) 

17 

256 

Sandstone 

27 

283 

0 

289 

8 

297 

4 

301 

Sandstone 

4 

305 
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GROUND  WATER 


Log  of  zvell  of  State  College  Water  Co.j  near  Shiugletozen 

[No.  172.  Authority,  H.  A.  Orwig,  superintendent] 


Thickness 

(feet) 


Depth 

(feet) 


Soil,  talus,  and  weathered  limestone  (bottom  of  8-inch  casing,  hole  reduced 

from  12  to  8 inches) 

Limestone 

Solution  channel 

Limestone 

Solution  channel 

Limestone 

Solution  channel. 

Tumestone 

Solution  channel 

Limestone  (test  at  250  feet  gave  135  gallons  a minute;  bottom  of  6-inch 

casing  at  246  feet,  hole  reduced  to  4 inches) 

Solution  channel  (strong  flow  of  water  washed  drill  cuttings  aw'ay) 

Limestone 

Solution  channel 

Limestone 

Solution  channel  (water  level  reported  dropped  from  35  to  55  feet  below 

the  surface) 

Limestone ^ 

Solution  channel  (stronc  flow  of  water,  tested  at  425  gallons  a minute; 
water  level  reported  to  rise  from  55  feet  to  less  than  35  feet  below  the 
surface) 


90 

96 

74 

170 

3 

173 

15 

188 

1 

189 

1 

190 

1 

191 

12 

203 

3 

206 

47 

253 

2 

255 

5 

260 

1 

261 

14 

275 

7 

282 

18 

300 

1 

301 

CLEARFIELD  COUNTY 

Area  1.142  square  miles.  Population  (1930)  86.727. 
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GEOGRAPHY 

Clearfield  is  the  second  largest  county  in  the  area  covered  by 
this  report,  being  only  4 square  miles  smaller  than  Centre  County, 
which  bounds  it  on  the  east.  However,  with  about  76  inhabitants 
to  the  square  mile,  as  against  215  for  the  State,  its  population  is 
nearly  double  that  of  Centre  County.  With  a population  in  1930 
of  11,595,  Du  Bois  is  the  largest  city  in  the  county  and  the  third 
largest  in  the  area  covered  by  this  report.  In  addition  there  are 
six  boroughs  with  more  than  1,000  inhabitants,  the  largest  of 
which  are  Clearfield,  with  9,221,  and  Curwensville,  with  3,140. 
The  mining  of  coal  and  the  mining  of  flint  clay  are  the  leading 
industries,  and  Clearfield  County  ranks  first  in  the  State  in  the 
production  of  flint  clay.  Only  about  29  percent  of  its  total  land 
area  is  devoted  to  farming.  The  Federal  census  of  1929  credits 
the  county  with  101  manufacturing  establishments  whose  prod- 
ucts were  valued  at  $5,000  or  more  annually.  The  county  is  well 
served  by  railroads,  including  the  Pennsylvania,  the  New  York 
Central,  and  the  Buffalo,  Rochester  & Pittsburgh  (now  owned  by 
the  Baltimore  & Ohio). 

The  topography  is  typical  of  the  plateau  province.  (See  pi. 
5,  A).  Boone  Mountain,  at  the  northwest  corner,  rises  to  an  alti- 
tude of  about  2,370  feet,  the  highest  point  in  the  county,  and 
Allegheny  Mountain,  in  the  southeast  corner,  rises  to  an  altitude 
of  2,360  feet.  Northwest  of  Curwensville  the  plateau  rises  to  an 
altitude  of  2,320  feet.  The  West  Branch  of  the  Susquehanna 
River  leaves  the  county  at  an  altitude  of  780  feet,  the  lowest 
point  in  the  county.  The  maximum  relief  is  therefore  about  1,590 
feet.  The  greatest  local  relief  is  along  the  deeply  incised  West 
Branch  of  the  Susquehanna. 

The  Continental  Divide  traverses  the  northwest  comer,  so  that 
except  for  a small  area  drained  by  Sandy  Lick  Creek,  Mahoning 
Creek,  and  other  tributaries  of  the  Allegheny  River,  Clearfield 
County  is  drained  by  the  West  Branch  of  the  Susquehanna  River. 
The  principal  tributaries  of  the  West  Branch  are  Moshannon 
Creek,  Clearfield  Creek,  Chest  Creek,  and  Bennett  Branch  of 
Sinnemahoning  Creek. 

GEOLOGY 

The  rock  formations  exposed  in  Clearfield  County  are  all  of 
Carboniferous  age  and  range  from  Pocono  (oldest)  to  the  Cone- 
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maugh  (youngest)  (pi.  1).  Their  character  and  water-bearing 
properties  are  described  in  the  first  part  of  this  report.  The 
oldest  rocks  are  exposed  by  the  deeply  incised  streams  in  the 
northern  and  eastern  parts  of  the  area.  The  youngest  rocks  are 
preserved  from  erosion  in  the  interstream  tracts  and  are  found 
in  their  greatest  thickness  toward  the  south  and  east. 

The  principal  folds  trend  northeast,  and  from  west  to  east  are 
the  Sabinsville  anticline,  Caledonia  syncline.  Chestnut  Ridge 
anticline,  Clearfield  syncline.  Laurel  Hill  anticline,  and  Houtzdale 
syncline.  There  are  some  faults,  particularly  in  the  Houtzdale 
quadrangle. 

GROUIVD  WATER 

The  Pottsville  formation  is  the  most  productive  water-bearer 
in  Cleaidield  County  and  crops  out  in  or  underlies  at  shallow 
depth  most  of  the  valleys  in  the  county  where  large  supplies  are 
sought.  The  sandstones  in  the  Allegheny  formation  are  next  in 
importance.  The  Conemaugh  formation  (pi.  11,  A)  is  relatively 
unimportant  as  a source  of  water  in  Cleaidield  County  except 
along  the  Caledonia  syncline,  which  passes  through  Du  Bois. 

Dug  wells  and  small  hillside  springs  furnish  most  of  the  rural 
and  village  supplies  in  Cleai-field  County,  but  ground  water  for 
industrial  or  public  supplies  is  recovered  largely  from  drilled 
wells.  The  northeastern  and  north-central  parts  of  the  county 
are  forested  and  contain  very  little  development  of  any  kind. 
The  New  York  Central  Railroad  uses  several  drilled  wells  for 
supplying  water  to  locomotives.  (See  well  tables.)  This  is  the 
only  county  in  the  area  where  any  considerable  amount  of  ground 
water  is  used  for  locomotive  boilers. 

The  water  level  in  an  unused  drilled  well  (no.  77)  is  measured 
weekly.  (See  pp.  35-39.) 

Records  were  obtained  of  7 flowing  wells  (nos.  1,  12,  23,  24, 
31  (2  wells),  64)  in  Clearfield  County,  and  doubtless  there  are 
others.  Four  of  them  were  observed  to  flow  40  to  50  gallons  a 
minute.  Additional  flowing  wells  can  probably  be  obtained  along 
each  of  the  three  major  synclines,  the  Caledonia,  Clearfield,  and 
Houtzdale.*® 


For  the  location  of  these  syncllnes  see  Cathcart,  S.  H.,  Geologic  structure 
In  the  plateau  region  of  northern  Pennsylvania  and  its  relation  to  the  occur- 
rence of  gas  in  the  Orlskany  sand;  Pennsylvania  Topog.  and  Geol.  Survey  Bull. 
108.  fig.  2.  March  1934. 
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The  analyses  of  8 samples  of  ground  water  and  1 sample  of 
surface  water  from  Clearfield  County  are  given  below.  Iron  is 
the  most  objectionable  constituent  found  in  the  ground  waters  of 
the  county  and  occurs  in  excessive  amounts  in  most  of  the  Potts- 
ville  waters.  The  iron  content  of  three  samples  of  water  from 
the  Pottsville  (nos.  82,  85,  and  87)  ranged  from  0.40  to  28  parts 
per  million.  The  method  of  iron  removal  used  by  the  borough  of 
Coalport  is  described  under  Quality  of  Water,  and  the  results  are 
indicated  by  analyses  87a,  b,  and  c.  Most  of  the  ground  waters 
in  Clearfield  County  are  soft  or  only  moderately  hard,  but  some 
of  the  Pottsville  waters  are  very  hard.  The  high  nitrate  content 
of  water  from  springs  84  and  90  and  wells  89  and  93  probably 
indicates  a mixture  of  surface  water.  The  sample  from  well  12, 
a sodium  bicarbonate  water,  contained  a small  amount  of  fluoride, 
but  not  enough  to  be  harmful.  The  quality  of  water  to  be  ex- 
pected from  the  different  geologic  formations  is  summarized  on 
pages  80,  81. 


PUBLIC  SUPPLIES 

The  city  of  Du  Bois  and  most  of  the  larger  boroughs  are  sup- 
plied with  surface  water,  although  prior  to  1900  Du  Bois  was 
supplied  by  ground  water.  Houtzdale,  Smoke  Run,  Brisbin, 
Ramey,  Beulah,  Madera,  and  Janesville  are  supplied  from 
Mountain  Branch,  a small  stream  in  Rush  Township,  Centre 
County.  The  water  is  of  good  quality,  as  shown  by  analysis  A. 
Other  places  supplied  with  surface  water  include  Casanova, 
Clearfield,  Curwensville,  Grass  Flat,  Hawk  Run,  Kylertown, 
Lanse,  Osceola,  Penfield,  and  Winburne.  Records  of  eight  public 
supplies  using  ground  water  are  given  below.  In  addition  it  is 
reported  that  about  200  people  in  Bell  Township  are  supplied  with 
spring  water  by  the  Rocky  Springs  Water  Co.,  and  that  some 
spring  water  is  used  by  Lumber  City,  in  addition  to  water  from 
the  river. 

Ansonville  is  supplied  by  the  village  from  several  small  springs 
in  the  lower  part  of  the  Conemaugh  formation.  The  water  is  dis- 
tributed by  gravity  from  a 15,000-gallon  reservoir.  About  150 
people  are  supplied,  and  the  water  does  not  require  treatment. 

Part  of  Burnside  (population  350)  is  supplied  by  the  Burnside 
Mutual  Water  Co.  from  two  small  springs  in  the  Mahoning  sand- 
stone on  a hill  southeast  of  the  borough.  The  water  is  stored 
in  two  concrete  reservoirs  holding  100  and  4,000  gallons,  and  is 
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distributed  by  gravity  to  8 families,  1 bank,  and  1 school.  The 
rest  of  the  homes  are  supplied  chiefly  from  private  dug  wells  12 
to  28  feet  deep  and  by  three  or  four  drilled  wells. 

Coalport  (population  1,222)  is  supplied  by  the  borough  from 
two  drilled  wells  (nos.  87  and  88).  The  turbine  pumps  in  the 
wells  discharge  the  water  through  an  aerator,  after  which  the 
water  is  treated,  chlorinated,  filtered,  and  pumped  through  the 
mains  to  the  reservoir  by  two  centrifugal  booster  pumps,  each 
having  a capacity  of  80  gallons  a minute.  The  treatment  for  re- 
moval of  iron  and  softening  is  described  on  pages  72,  73, 
and  the  quality  of  water  before  and  after  treatment  is  shown  by 
analyses  87a,  b,  and  c.  The  reservoir,  which  is  made  of  concrete 
and  holds  100,000  gallons,  is  on  a hill  east  of  the  borough.  The 
average  daily  consumption  is  about  50,000  gallons.  There  are  40 
fire  hydrants.  The  maximum  pressure  is  about  80  pounds  to  the 
square  inch. 

Eight  homes  and  a hotel  in  Grampian  (population  533)  are 
supplied  by  gravity  from  a small  hillside  spring  owned  by  Fred 
Snyder,  and  it  is  reported  that  two  other  groups  of  homes  are 
supplied  from  two  similar  springs.  The  waters  do  not  require 
treatment. 

Helvetia  is  supplied  from  one  drilled  well  (no.  61)  by  the 
Rochester  & Pittsburg  Coal  Co.  The  well  pump  boosts  the  water 
to  a reservoir  from  which  it  is  distributed  by  gravity  without 
treatment  to  155  homes. 

In  Mahaifey  (population  667)  25  families  are  supplied  from 
three  small  springs  owned  by  S.  C.  Mahaifey.  The  springs,  which 
are  on  the  hills  east  of  the  borough,  discharge  into  one  large  and 
two  small  reservoirs,  and  the  water  is  distributed  by  gravity 
without  treatment.  The  supply  is  reported  to  be  inadequate  in 
dry  weather. 

West  Decatur  (Blue  Ball)  is  supplied  by  the  General  Refractories 
Co.  from  two  springs  that  issue  from  the  Homewood  sandstone 
west  of  the  company’s  plant.  The  yield  of  Morrow  Spring  is  re- 
ported to  range  from  25,000  to  300,000  gallons  a day,  and  that 
of  Straw  Spring  from  25,000  to  200,000  gallons  a day.  The  water 
is  stored  in  a 15,000-gallon  concrete  reservoir  and  is  distributed 
by  gravity  to  30  homes  and  the  refractory  plant,  which  uses  about 
one-fourth  of  the  water.  Chloride  of  lime  is  added  to  the  water. 
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In  Woodland  25  homes  are  supplied  from  spring  45  by  the 
Harbison- Walker  Refractories  Co.,  Inc.  The  water  is  pumped  to 
a small  reservoir  and  distributed  by  gravity. 


Typical  wells  and  springs  in  Clearfield  County 
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Remarks 

Seven  wella  in  a row,  all 

eimilar.  Reported  ade- 

quate eupply.  Consider- 
able sand  and  gravel 
cased. 

Water  reported  to  be  acid 

and  to  contain  excess 

iron. 

Test  for  coal.  Reported 

large  flow. 

Do. 

Pump  to  be  installed. 

Driller’s  location  not 

checked. 

Pump  in  bottom  of  24-foot 

pit.  Water  reported  to 

contain  excess  iron.  Re- 

ported 20-foot  draw- 
down. 

Well  plugged.  Reported 

excess  iron.  See  log. 

No  excess  iron  reported. 

See  log. 
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» Altitudes  taken  from  nearest  contour  on  topographic  map  unless  otherwise  indicated.  » A,  air  lift;  F,  natural  flow;  H,  lift  pump,  hand-operated;  I,  pitcher  pump,  hand-operated;  N,  none; 

^ Dr,  drilled  well;  Du,  dug  well;  DD,  dug  and  drilled  well;  Sp,  spring.  P,  force  pump,  power-operated;  S,  suction  pump,  power-operated;  T.  turbine  pump. 

® NB,  near  bottom.  ^ C,  condensing  or  cooling;  D,  domestic;  I.  industrial;  Ir,  irrigation;  N,  none;  P,  public  supply; 

^ Sh,  shale;  ss.  sandstone.  R,  railroad;  S,  stock. 


Analyses  of  ground  and  surface  waters  from  Clearfield  County 

(PartB  per  million.  Numbers  at  heads  of  columns  refer  to  corresponding  numbers  in  the  preceding  table  and  on  pi.  2.) 
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GROUND  WATER 


Composite  log  of  abandoned  wells  of  the  city  of  DuBois,  drilled  in 
bottom  of  12  by  12-foot  shaft,  76  feet  deep 

[Nos.  4,  5 and  6.  Authority,  city  engineer.] 


Thickness 

(feet) 


Depth 

(feet) 


Clay  loam 

Gravel 

Loose  rock 

Shale,  hard  (bottom  of  shaft  at  76  feet) 

Sandstone,  gray 

Slate,  black 

Shale 

Fire  clay  and  shale 

Shale 

Sandstone,  gray 

Slate,  black 

Sandstone,  gray  (water-bearing)  (bottom  of  well  4 at  186  feet) 

Slate,  black  (bottom  of  well  5 at  200  feet) 

Shale 

Sandstone,  dark  1 

Sandstone,  gray  | (abundant  water) 

Sandstone,  dark  and  gray  J 

, Slate,  black  (bottom  of  well  6) 


5 

5 

35 

40 

10 

50 

42 

92 

4 

96 

6 

102 

15.5 

117.5 

6 

123.5 

10.5 

134 

4 

138 

45 

183 

3 

186 

14 

200 

23 

223 

4 

227 

42 

269 

11 

280 

6 

286 

Log  of  diamond-drill  hole  262  of 
Northwest  Mining  & Exchange  Co.,  West  Liberty 


(No.  14.  Authority,  Mr.  Nagel,  engineer.) 


Thiok- 

ncss 

Depth 

Thick- 

ness 

Depth 

Ft.  in. 

Ft.  in. 

Ft.  in. 

Ft.  in. 

8 

8 

9 

407 

13 

21 

1 

408 

Shale,  gray,  sandy 

50 

71 

Coal  B 

2 1 

410  1 

11 

82 

3 

410  4 

Coal 

2 

82  2 

Limestone 

4 

414  4 

Shale,  gray 

10  10 

93 

Shale  and  fire  clay 

12 

426  4 

Slate,  black 

16 

109 

Shale,  dark,  sandy 

22 

448  4 

Shale,  sandy 

37 

145 

Slate,  black 

20 

468  4 

163 

309 

Coal  A' 

2 3 

470  7 

Sandstone,  trace  of  coal 

14 

323 

Fire  clay 

6 

476  7 

Coal  D 

1 3 

324  3 

Shale,  sandy 

8 

484  7 

9 

325 

3 

487  7 

12 

337 

9 

488  4 

Shale,  sandy 

20 

357 

Shale,  gray 

10 

494  4 

20 

377 

19  8 

518 

Shale,  sandy 

21 

398 

Sandstone, hard  (Homewood) 

18 

535 
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Log  of  wells  of  New  York  Central  Railroad 


[Authority,  Bert  Bowles,  assistant  supervisor  of  bridges  and  buildings.  New  York  Central  R.  R.] 


Well  29  at  Clearfield 

Thick- 

ness 

(feet) 

Depth 

(feet) 

Well  30  at  Clearfield 

Thick- 

ness 

(feet) 

Depth 

(feet) 

Surface 

6.5 

6 . 5 

Surface  fill 

4 

4 

Sand,  clay  and  gravel 

19.5 

26 

Sand,  clay  and  gravel 

15 

19 

Sandstone,  yellow,  conglomeratic 

30 

56 

Rock,  yeUow 

37 

56 

46 

102 

46 

102 

Slate,  black  (water-bearing) .... 

48 

150 

Slate,  black  (water-bearing) . 

48 

150 

No.  34,  near  MowTy 

Thick- 

ness 

(feet) 

Depth 

(feet) 

Surface  ...  

7 

7 

Shale,  red 

27 

34 

Sandstone,  gray 

17 

51 

Sandstone,  brown 

10 

61 

19 

80 

Sandstone,  light  (water-bearing) 

10 

90 

No.  78,  at  Dowler  Junction 

Thick- 

ness 

(feet) 

Depth 

(feet) 

Clay 

29 

29 

Slate,  black 

36 

65 

Coal 

1.5 

66.6 

Clay,  hard 

4 

70,5 

Coal 

3 

73.5 

Sandstone,  gray 

28.5 

102 

Sandstone,  dark 

27 

129 

Log  of  test  hole  of  Union  Coal  Co.,  near  IVallaceton 


[No.  70.  Authority,  I.  A.  Black,  driller.] 


Thick- 

ness 

(feet) 

Depth 

(feet) 

Thick- 

ness 

(feet) 

Depth 

(feet) 

12 

12 

8 

199 

Sandstone 

Shale  and  black  "rock” 
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Sandstone,  white,  (water- 
bearing)   
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CLINTON  COUNTY 

Area  878  square  miles.  Population  (1930)  32,319. 


209 


GEOGRAPHY 

Clinton  County,  the  northernmost  county  in  the  area,  is  rather 
sparsely  populated,  there  being  only  about  37  inhabitants  to  the 
square  mile,  as  against  215  for  the  State  as  a whole.  Except  for 
the  fertile  limestone  valleys  in  the  southeast  end  of  the  county,  it 
is  mostly  mountainous  and  forested.  More  than  half  the  popula- 
tion is  concentrated  in  the  boroughs  of  Avis,  Flemington,  Mill 
Hall,  Renovo,  and  South  Renovo,  each  of  which  contains  more 
than  1,000  inhabitants,  and  in  the  city  of  Lock  Haven,  which  in 
1930  had  9,668  inhabitants.  Lock  Haven  is  highly  industrialized, 
and  the  most  important  industry  is  paper  manufacturing.  The 
Federal  census  of  1929  credits  the  county  with  66  manufacturing 
establishments  each  of  whose  products  were  valued  at  $5,000  or 
more  annually.  Some  flint  clay  and  coal  are  mined  in  the  northern 
and  western  parts  of  the  county,  although  very  few  of  the  coal 
mines  appear  to  be  in  operation.  With  only  about  17  percent  of 
its  total  land  area  under  cultivation,  most  of  which  is  in  Nittany 
Valley,  Clinton  County  ranks  last  in  agricultural  development 
among  the  14  counties  covered  by  this  report.  The  New  York 
Central  Railroad  and  the  Pennsylvania  Railroad  serve  the 
county,  and  the  Buck-Tail  Trail,  a scenic  motor  highway,  follows 
the  Susquehanna  River. 

The  Allegheny  Front  traverses  Clinton  County  just  north  of 
Lock  Haven,  so  that  the  southern  third  of  the  county  is  in  the 
Ridge  and  Valley  province,  and  the  northern  two-thirds  in  the 
plateau  province.  Topographic  maps  have  not  been  made  of  the 
northern  half  of  the  county,  but  in  the  southern  half,  for  which 
they  are  available,  the  highest  point  is  in  Beech  Creek  Township, 
where  the  Allegheny  Mountains  rise  to  an  altitude  of  2,340  feet. 
In  Lamar  Township  Riansares  Mountain  has  an  altitude  of  2,293 
feet.  The  West  Branch  of  the  Susquehanna  River  leaves  the 
county  near  Jersey  Shore  at  an  altitude  of  520  feet,  the  lowest 
point  in  the  county.  The  maximum  relief  in  the  surveyed  part  of 
the  county  is  therefore  about  1.820  feet.  The  greatest  local  relief 
is  found  along  the  West  Branch  of  the  Susquehanna,  which  flows 
through  a narrow  gorge  1,000  feet  deep  in  some  places.  Clinton 
County  is  drained  entirely  by  this  stream. 

GEOLOGY 

The  rock  formations  exposed  in  Clinton  County  range  in  age 
from  the  undifferentiated  Cambrian  and  Ordovician  limestones 
and  dolomites  (oldest)  in  Nittany,  Nipponese,  and  Sugar  Valleys 


210 


GROUND  WATER 


to  the  Allegheny  formation,  of  Pennsylvanian  age  (youngest), 
remnants  of  which  are  found  capping  the  high  plateau  in  the 
northern  part  of  the  county  (pi.  1)  In  addition  there  are  rather 
thick  deposits  of  Pleistocene  sand,  gravel,  and  clay  along  the 
West  Branch.  The  character  and  water-bearing  properties  of 
these  formations  are  described  in  the  first  part  of  this  report. 

All  the  mountains  south  of  Bald  Eagle  Valley  are  formed  by 
Silurian  rocks.  The  Devonian  rocks  crop  out  in  Bald  Eagle  Valley. 
The  high  plateaus  are  formed  largely  by  the  resistant  Pottsville 
formation.  The  Nittany  anticline  is  the  principal  structural  fea- 
ture, and  there  are  several  other  folds,  all  trending  northeast. 

GROUND  WATER 

The  Pleistocene  unconsolidated  deposits  along  the  West  Branch 
of  the  Susquehanna  are  the  most  productive  water-bearers  in  the 
county,  although  they  have  not  been  exploited  to  any  great  ex- 
tent. 

The  most  productive  consolidated  deposits  in  the  county  are 
the  Cambrian  and  Ordovician  limestones  and  dolomites  in  Sugar, 
Nippenose,  and  Nittany  Valleys,  the  Silurian  and  Devonian  lime- 
stones in  Bald  Eagle  Valley,  and  the  Pocono  formation  in  the 
Renovo  district.  There  are  numerous  large  springs  in  Nittany 
and  Sugar  Valleys,  including  nos.  241,  244,  249,  250,  and  255.  (See 
pi.  13.) 

North  of  the  Allegheny  Front  there  are  a few  wells  along  the 
West  Branch  and  its  larger  tributaries  and  along  the  Coudersport 
pike,  but  most  of  this  area  is  rugged  and  forested,  and  the 
scattered  mountain  camps  and  homes  are  supplied  largely  from 
small  springs.  At  Revono  and  Gleasonton  there  are  several  in- 
dustrial wells.  South  of  the  Allegheny  Front  domestic  supplies 
are  obtained  largely  from  dug  wells  but  in  part  from  drilled  wells 
and  springs.  The  large  limestone  springs  are  utilized  only  for  do- 
mestic and  stock  supplies.  Most  of  the  people  in  Lamar  obtain 
water  from  cisterns.  There  are  numerous  industrial  wells  in 
Lock  Haven  and  vicinity,  used  principally  to  furnish  water  for 
cooling  or  condensing. 

Only  two  flowing  wells  were  observed  in  Clinton  County,  nos. 
227  and  232.  There  appear  to  be  no  areas  in  the  county  where 
strong  flowing  wells  might  be  expected. 

Analyses  of  five  samples  of  water  from  wells  and  springs  in 
Clinton  County  are  tabulated  below.  Only  one  of  the  analyses 
(no.  232)  shows  more  than  1 part  per  million  of  iron,  but  three 
samples  contained  more  than  0.1  part.  Salt  water  has  been  struck 
by  a few  deep  wells  along  the  West  Branch  of  the  Susquehanna 


CLINTON  COUNTY 


211 


north  of  the  Allegheny  Front,  notably  at  Gleasonton  (no.  201), 
Keating  (no.  212)  and  Hyner.  However,  there  is  an  abundance  of 
fresh  ground  water  at  shallow  depths  at  most  places  along  the 
West  Branch,  and  in  most  places  the  salt  water  can  be  avoided. 

PUUI.IC  SLPPMES 

The  city  of  Lock  Haven,  the  larger  boroughs,  and  many  smaller 
places  are  supplied  by  surface  water,  including  Avis,  Charlton, 
Dunnstown,  Flemington,  Greenburr,  Lockport,  Mill  Hall,  Rauch- 
town,  Renovo,  and  Woolrich.  During  a dry  period  the  Lock  Haven 
City  Water  Co.  drilled  a well  near  Castanea  (no.  226),  but  the 
well  was  abandoned  because  of  its  small  yield.  The  Suburban 
Water  Co.,  which  supplies  Mill  Hall  and  nearby  places,  has  one 
drilled  well  that  can  be  used  in  emergencies  (no.  217).  Descrip- 
tions of  the  four  public  supplies  using  ground  water  follow. 

Booneville  is  supplied  by  the  Booneville  Water  Co.  from  two 
small  springs  that  issue  from  the  Oswego  sandstone  on  Sugar 
Valley  Mountain,  to  the  north.  The  water  is  stored  in  a 4,500- 
gallon  covered  concrete  reservoir  and  is  distributed  by  gravity 
to  25  families.  It  does  not  require  treatment. 

In  Clintondale  13  families  are  supplied  from  one  small  privately 
owned  spring  that  issues  from  the  Reedsville  shale  on  the 
mountain  to  the  southeast.  The  water  flows  into  a 1,000-gallon 
steel  tank  and  is  distributed  by  gravity  at  a maximum  pressure 
of  85  pounds  to  the  square  inch.  It  does  not  require  treatment. 

Loganton  (population  264)  is  supplied  by  the  borough  from 
three  small  springs  (no.  253)  in  the  gap  at  the  north  end  of  the 
borough.  The  springs  flow  into  a 48,000-gallon  reservoir,  whence 
the  water  is  distributed  by  gravity.  In  July  1934  the  reservoir 
was  observed  to  overflow  at  the  rate  of  about  10  gallons  a minute. 
There  are  15  fire  hydrants  in  the  system.  As  shown  by  analysis 
253,  the  water  is  of  good  quality,  and  it  is  served  without  treat- 
ment. 

Tylersville  is  supplied  by  the  Tylersville  Water  Co.  from  one 
spring  that  issues  from  the  Oswego  sandstone  or  the  Juniata 
formation  in  the  gap  to  the  south.  The  water  is  stored  in  a 
covered  concrete  reservoir  holding  about  1,800  gallons  and  is  dis- 
tributed by  gravity  to  about  75  families.  On  July  25,  1934,  the 
reservoir  was  observed  to  overflow  at  about  12  gallons  a minute. 
The  water  does  not  require  treatment. 
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northern  part  of  county.  * F,  natural  now;  H,  lift  pump,  hand-operated;  I,  pitcher  pump,  hand-operated;  N.  none; 

b Dr.  drilled  well;  Du.  dug  well;  DO.  dug  and  drilled  well;  Sp.  Sparing.  P.  force  pump,  power-operated;  d,  suction  pump,  power-operated;  T,  turbine  pump. 
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Analyses  of  ground  waters  from  Clinton  County 

[Analyzed  by  E.  W.  Lohr.  Parta  per  million.  Numbers  at  heads  of  columns  refer  to 
corresponding  numbers  in  the  preceding  table  and  on  pi.  2.] 


197 

202 

215 

232 

253 

13 

0.14 

0.31 

.01 

5.8 

Calcium  (Ca) 

• 20 

a 24 

01 

• 20 

• 2 

31 

Sodium  (Na) 

1 

f 5.9 

i b 17 

b 57 

b 12 

b 4 

Potassium  (K) 

J 

1 2.0 

Bicarbonate  (HCO3) 

53 

67 

196 

65 

12 

Sulphate  (SO<) 

• 7 

“ 40 

100 

• 14 

• 5 

Chloride  (Cl) 

35 

72 

14 

24 

.5 

Fluoride  (F) 

.0 

.0 

.0 

10 

.0 

Nitrate  (NO3) 

.70 

.30 

3.3 

.10 

.30 

Total  dissolved  solids 

b 111 

b 227 

343 

b 113 

b 18 

Total  hardness  as  CaCOs.  . . . 

64 

74 

b 280 

74 

8 

Date  of  collection  (1934) .... 

July  28 

July  28 

July  20 

July  31 

July  20 

By  turbidity. 


*>  Calculated. 
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FULTON  COUNTY 

Area  403  square  miles.  Population  (1930)  9,231. 

GEOGRAPHY 

Fulton  County  is  the  most  sparsely  populated  county  in  the 
area,  with  only  about  23  inhabitants  to  the  square  mile,  as  against 
215  for  the  entire  State.  McConnellsburg,  the  largest  borough  in 
the  county,  had  only  768  inhabitants  in  1930.  Except  for  a few 
coal  mines  in  the  Broad  Top  coal  field,  at  the  northwest  corner, 
agriculture  is  the  only  industry  in  the  county.  Although  Fulton 
County  is  very  mountainous,  about  65  percent  of  its  total  land 
area  is  under  cultivation.  The  Federal  census  of  1929  credits  the 
county  with  only  21  industrial  establishments  whose  products 
were  valued  at  $5,000  or  more  annually.  It  is  the  only  county  in 
the  area  without  a railroad  (except  for  a coal  spur  that  projects 
about  a quarter  of  a mile  across  its  northwest  corner).  The 
Lincoln  Highway  crosses  the  county  and  affords  the  principal 
route  of  travel. 

The  topography  in  Fulton  County  is  typical  of  the  Ridge  and 
Valley  province.  Big  Mount,  on  Tuscarora  Mountain,  rises  to  an 
altitude  of  2,440  feet  and  is  the  highest  point  in  the  county. 
Other  high  points  include  Broad  Top  Mountain  (2,390  feet). 
Sideling  Hill,  east  of  Emmaville  (2,380  feet),  and  Bald  Knob 
(2,301  feet).  Great  Tonoloway  Creek  crosses  the  State  line  at  an 
altitude  of  420  feet,  the  lowest  point  in  the  county.  The  maximum 
relief  is  therefore  2,020  feet. 

The  southern  three-fourths  of  Fulton  County  is  drained  largely 
by  tributaries  of  the  Potomac  River,  including  Sideling  Hill,  Great 
Tonoloway,  and  Licking  Creeks.  The  northern  one-fourth  drains 
to  the  Juniata  River  through  Aughwick  Creek,  and  the  valley  in 
which  Emmaville  is  situated  drains  through  Brush  Creek  to  the 
Raystown  Branch  of  the  Juniata. 

GEOnOGY 

The  rock  formations  exposed  in  Fulton  County  range  from  the 
Beekmantown  limestone,  of  Lower  Ordovician  age  (oldest),  to 
the  Allegheny  formation,  of  Pennsylvanian  age  (youngest).  The 
oldest  rocks  are  exposed  only  in  Cove  Creek  Valley,  in  which 
McConnellsburg  is  situated.  The  youngest  rocks  crop  out  only 
in  the  Broad  Top  coal  field,  on  Broad  Top  Mountain  at  the  north- 
west corner  of  the  county.  By  far  the  larger  part  of  the  county 
is  underlain  by  Devonian  rocks.  The  higher  ridges  along  the 
eastern  border  are  formed  by  the  Tuscarora  quartzite,  and  those 
elsewhere  in  the  county  are  formed  largely  by  the  Pocono  forma- 
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tion  but  in  part  by  the  Potts ville  formation.  The  character  and 
water-bearing  properties  of  the  different  formations  are  described 
in  the  first  part  of  this  report.  The  folds  trend  northeast.  The 
McConnellsburg  and  Little  Scrub  Ridge  thrust  faults  cut  out 
about  9,000  feet  of  strata  along  the  west  side  of  Cove  Creek 
Valley,  including  all  the  Silurian  and  part  of  the  Ordovician  and 
Devonian. 


GllOUNU  WATER 

Except  for  a group  of  springs  that  supplies  the  borough  of 
McConnellsburg  and  one  spring  (no.  1111)  that  furnishes  boiler 
feed  water  to  a limestone  quarry,  all  the  wells  and  springs  ob- 
served in  Fulton  County  are  used  for  domestic  or  stock  supply. 
Thus  the  maximum  water-yielding  capacity  of  the  different 
formations  has  not  been  tested.  However,  most  of  the  formations 
appear  to  yield  adequate  supplies  for  domestic  and  stock  use. 
Inasmuch  as  there  are  no  railroads  in  the  county  it  does  not 
appear  that  large  industrial  water  supplies  will  ever  be  developed. 
Dug  wells  are  still  in  use  in  some  parts  of  the  county,  but  drilled 
wells  or  springs  are  believed  to  predominate. 

Spring  1111,  with  an  estimated  yield  of  about  500  gallons  a 
minute,  is  the  only  large  spring  observed  in  the  county.  Most 
of  the  others  are  small  hillside  springs  that  yield  only  a few 
gallons  a minute. 

Only  one  flowing  well  (no.  1105)  was  reported  in  the  county. 
P''lowing  wells  could  probably  be  obtained  in  the  valleys  of  Brush 
and  Little  Creeks  and  the  Meadow  Grounds,  where  the  Pocono 
formation  underlies  the  Mauch  Chunk  shale  to  form  natural 
artesian  basins,  but  probably  large  supplies  will  never  be  needed 
in  either  of  these  valleys. 

The  analyses  of  seven  samples  of  ground  water  from  as  many 
geologic  formations  in  Fulton  County  are  given  below.  The 
waters  analyzed  are  all  rather  low  in  dissolved  solids,  and  4 out 
of  the  7 are  relatively  soft,  the  softest  water  having  a hardness 
of  only  16  parts  per  million  (no.  1135,  Pocono  formation).  None 
contained  excess  iron,  but  excess  iron  is  reported  in  the  water 
in  many  wells  in  the  vicinity  of  Needmore,  which  tap  the  Mar- 
cellus  shale.  The  water  in  the  Ordovician  limestones  is  only 
moderately  hard  (analysis  1111),  but  waters  from  limestones  of 
the  Cayuga  group  may  be  very  hard,  as  they  are  in  Bedford 
County.  The  quality  of  water  to  be  expected  in  the  different 
geologic  formations  is  summarized  on  pages  80,  81. 
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McConnellsburg  has  the  only  public  water  supply  in  the  county, 
furnished  by  the  McConnellsburg  Water  Co.  The  water  is  ob- 
tained from  9 small  springs  along  the  Lincoln  Highway  on  the 
slope  of  Cove  Mountain.  Most  of  the  springs  issue  from  the 
Juniata  fomiation,  but  several  issue  from  sandstones  in  the 
Martinsburg  shale.  Most  of  the  springs  discharge  into  the  66,000- 
gallon  reservoir,  from  which  the  water  is  distributed  by  gravity. 
Water  from  the  two  lower  springs  (used  only  in  emergencies) 
is  pumped  to  the  reservoir  by  a centrifugal  pump  with  a capacity 
of  70  gallons  a minute.  Pressures  range  from  75  to  100  pounds 
to  the  square  inch.  About  1,200  people  are  served,  including 
some  people  living  outside  the  borough.  The  water  is  treated 
with  chloride  of  lime,  owing  to  the  fact  that  all  the  springs  are 
close  to  a well-traveled  highway. 


Principal  water-bearing  bed 
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HUNTINGDON  COUNTY 

Area  918  square  miles.  Population  (1930)  39,021. 

GEOGRAPHY 

Huntingdon  County  is  a mountainous,  sparsely  populated 
county  having  only  43  inhabitants  to  the  square  mile,  as  com- 
pared with  215  for  the  whole  State.  Huntingdon  and  Mount 
Union,  with  populations  in  1930  of  7,558  and  4,892  respectively, 
are  the  only  boroughs  in  the  county  with  1,000  or  more  inhabi- 
tants. Coal  is  mined  in  the  Broad  Top  coal  field,  and  glass  sand, 
ganister,  and  limestone  are  quarried  along  the  Juniata  River. 
The  Federal  census  of  1929  credits  the  county  with  68  manufac- 
turing establishments  whose  products  were  valued  at  $5,000  or 
more  annually.  About  47  percent  of  the  total  land  area  of  the 
county  is  devoted  to  agriculture.  The  main  line  of  the  Pennsyl- 
vania Railroad  and  the  William  Penn  Highway  follow  the  Juniata 
River  across  the  county. 

The  topography  is  characteristic  of  the  Ridge  and  Valley 
province.  In  addition  to  numerous  long,  narrow  ridges  there  are 
two  broad  mountainous  areas  — the  Seven  Mountains,  at  the 
north  end  of  the  county,  and  Broad  Top  Mountain,  at  the  south 
end.  Big  Flat,  in  Jackson  Township,  with  an  altitude  of  2,400 
feet,  is  the  highest  point  in  the  county,  and  Broad,  Grass,  and 
Jacks  Mountains  all  rise  above  2,300  feet.  The  Juniata  River 
leaves  the  county  at  an  altitude  of  520  feet,  the  lowest  point  in 
the  county.  The  maximum  relief  is  therefore  1,800  feet.  Hunt- 
ingdon County  is  drained  entirely  by  the  Juniata  River. 

GEOLOGY 

The  rocks  exposed  in  Huntingdon  County  range  from  the 
Pleasant  Hill  limestone,  of  Middle  Cambrian  age  (oldest),  to  the 
Conemaugh  formation,  of  Pennsylvanian  age  (youngest).  (See 
pi.  1.)  In  addition,  thin  fluvial  deposits  of  Tertiary,  Pleistocene, 
and  Recent  age  are  found  along  the  Juniata  River  and  some  of 
its  tributaries.  The  character  and  water-bearing  properties  of 
these  formations  are  described  in  the  first  part  of  this  report. 
The  oldest  rocks,  the  Cambrian  and  Ordovician  limestones  and 
dolomites,  are  exposed  in  the  south  end  of  Nittany  Valley  and 
in  part  in  Kishacoquillas  and  Black  Log  Valleys.  The  Pennsyl- 
vanian rocks  are  exposed  only  on  Broad  Top  Mountain.  The 
Silurian  rocks  form  long,  narrow  ridges  in  the  eastern  and 
western  parts  of  the  county  and  large  mountainous  areas  in  the 
northern  part.  The  numerous  folds  trend  northeast,  and  the  most 
prominent  ones  are  the  Nittany  anticline  and  the  Broad  Top  syn- 
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dine.  There  are  many  faults  in  the  northwestern  part  of  the 
county. 

The  geologic  structure  of  Huntingdon  County  is  such  that 
nearly  all  the  geologic  formations  are  exposed  over  wide  areas 
in  some  part  of  the  county,  including  most  of  the  formations  that 
generally  crop  out  only  in  narrow,  poorly  exposed  bands.  Thus 
the  Tuscarora  quartzite  and  the  Clinton  formation  are  exposed 
over  a large  area  in  the  Seven  Mountains  region,  at  the  north 
end  of  the  county,  the  Cayuga  group  forms  a wide  lowland  belt 
south  of  the  mountains ; and  the  Helderberg  limestone  and  Oris- 
kany  group  are  well  exposed  on  the  broad  Warrior  Ridge  north 
of  Huntingdon. 


GROUND  WATER 

Domestic  supplies  at  the  faiins  and  most  of  the  villages  in 
Huntingdon  County  are  still  obtained  largely  from  dug  wells,  but 
small  springs  are  also  extensively  utilized,  particularly  in  some 
of  the  valleys  that  border  high  ridges.  Practically  all  the  water 
supplies  in  the  Broad  Top  coal  field  come  from  dug  wells.  There 
are  also  numerous  drilled  wells  in  the  county,  and  all  the  wells 
being  put  down  at  present  are  of  this  type.  A few  large  lime- 
stone springs  issue  from  the  Cambrian-Ordovician  rocks  in  the 
large  valley  in  the  northwestern  part  of  the  county,  the  largest 
of  which  is  Hundred  Springs  (no.  546),  with  an  aggregate  yield 
from  many  openings  of  about  2,800  gallons  a minute.  All  the 
water  from  this  spring  is  pumped  to  Tyrone,  in  Blair  County, 
where  it  is  used  in  the  manufacture  of  paper. 

The  Ridgeley  sandstone  and  to  a lesser  extent  the  sandy 
Shriver  chert  crop  out  over  large  areas  on  Warrior  Ridge,  where 
they  are  weathered  to  a considerable  depth  by  the  removal  of 
their  calcareous  cement.  The  resulting  blanket  of  loose  sand  and 
disintegrated  sandstone  is  so  permeable  that  water  falling  as  rain 
on  the  ridge  sinks  rapidly  to  the  less  permeable  parts  of  the 
Shriver  and  Helderberg  and  emerges  near  the  foot  of  the  ridge 
as  springs,  such  as  springs  566,  570,  and  591.  The  water  table 
stands  far  beneath  the  surface  on  most  parts  of  the  ridge,  mak- 
ing it  necessary  to  case  off  thick  beds  of  loose  material  before 
water  is  reached.  Considerable  difficulty  was  experienced  in 
sinking  wells  587  and  588,  and  no  water  was  obtained  in  well  556. 
Similar  conditions  were  found  near  Aughwick  and  Shirley,  as 
shown  by  the  records  of  wells  608  and  609.  A view  of  the  Ridgeley 
(Oriskany)  sandstone  in  a glass-sand  quarry  at  Mapleton  is 
shown  in  plate  6,  A. 
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The  water  from  Warm  Spring  (no.  566),  the  largest  spring 
observed  to  issue  from  the  Ridgeley  sandstone  in  Huntingdon 
County,  has  a temperature  of  64°F.,  which  is  13°  warmer  than 
that  of  the  nearest  spring  (no.  570) . It  is  possible  that  the  water 
emerges  along  a concealed  fault  from  a considerable  depth,  where 
the  rock  is  known  to  have  a higher  temperature. 

Most  of  the  drilled  wells  that  furnish  industrial  supplies  are 
in  towns  along  or  close  to  the  Juniata  River,  chiefly  at  Hunting- 
don (wells  572-576).  Most  of  these  wells  in  Huntingdon  tap  beds 
between  the  Hamilton  formation  and  the  Ridgeley  sandstone, 
and  three  of  them  flow  (no.  576).  It  is  not  improbable  that 
additional  flowing  wells  could  be  obtained  in  Huntingdon,  espe- 
cially from  deeper  wells  that  penetrate  the  Ridgeley  sandstone. 

The  recovery  curve  of  well  602  at  Mount  Union  is  shown  in 
figure  10.  The  depth  to  water  level  was  measured  while  the  pump 
was  running;  then  the  pump  was  shut  down,  and  the  water  level 
was  measured  at  intervals  for  the  ensuing  20  minutes.  As  indi- 
cated by  the  slope  of  the  curve,  the  water  level  was  still  rising 
slowly  at  the  end  of  this  period. 

The  fluctuations  of  the  water  table  in  three  observation  wells 
in  Huntingdon  County  (nos.  555,  568,  and  599)  and  the  precipi- 
tation at  Huntingdon  are  shown  in  plate  9 and  are  discussed  on 
pages  35-39.  A view  of  well  555  is  shown  in  plate  7,  B. 

In  addition  to  the  three  flowing  wells  at  Huntingdon  noted 
above,  records  were  obtained  of  only  three  other  flowing  wells  in 
the  county,  (nos.  582,  610,  and  632).  It  is  doubtful  whether 
additional  flowing  wells  will  be  obtained  in  the  vicinity  of  well 
582.  If  additional  flowing  wells  are  found  in  the  Broad  Top  coal 
field,  the  artesian  head  is  likely  to  be  small,  as  it  is  in  well  632, 
owing  to  the  fact  that  the  outcrop  area  is  not  far  above  the  dis- 
charge points  at  wells.  As  first  pointed  out  by  Butts,®®  there  is 
an  ideal  artesian  basin  along  the  Broad  Top  syncline  in  Trough 
Creek  Valley,  where  the  Burgoon  sandstone  member  of  the 
Pocono  underlies  the  Mauch  Chunk  shale  and  crops  out  in  large 
catchment  areas  on  both  sides  of  the  basin.  Although  flowing 
wells  could  probably  be  obtained  here  at  depths  of  less  than  1,000 
feet,  it  appears  unlikely  that  supplies  of  this  type  will  ever  be 
needed  in  Trough  Creek  Valley,  which  is  devoted  entirely  to 
farming. 

The  analyses  of  7 samples  of  ground  water  from  as  many 
geologic  formations  in  Huntingdon  County  are  given  below.  The 

Butts,  Charles,  U.  S.  Geol.  Survey  Geol.  Atlas,  Hollldaysburgr-Huntingdon 
folio  (no.  227)  [In  press]. 
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samples  from  the  Catskill,  Ridgeley,  and  Mauch  Chunk  forma- 
tions contained  relatively  small  quantities  of  dissolved  solids  and 
were  soft  or  moderately  hard.  Those  from  the  Hamilton,  Helder- 
berg,  and  Wills  Creek  formations  contained  considerable  dis- 
solved matter  and  were  very  hard.  It  is  not  likely  that  all 
Hamilton  waters  are  as  hard  as  the  sample  from  well  573,  but 
some  waters  from  the  Helderberg  and  the  Wills  Creek  are  prob- 
ably harder  than  those  analyzed  (nos.  589,  593).  Only  one 
sample  contained  iron  in  an  objectionable  amount — no.  610,  from 
the  Marcellus  shale — but  excess  iron  was  reported  in  well  574. 
The  quality  of  water  to  be  expected  from  the  other  geologic 
formations  is  indicated  on  pages  80,  81. 

PUBI.IC  SUPPLIES 

Alexandria,  Franklinville,  Huntingdon,  Mapleton  Depot,  Mount 
Union,  Robertsdale,  and  Saltillo  are  supplied  with  surface  water. 
It  is  reported  that  Mapleton  Depot  also  has  an  auxiliary  spring 
supply.  The  following  places  are  supplied  with  ground  water. 

Blairs  Mills  is  supplied  by  the  Blairs  Mills  Water  Co.  from  one 
small  spring  on  the  mountain  to  the  east.  The  spring  discharges 
into  a 25-gallon  stone  reservoir,  which  is  reported  to  overflow 
continuously,  and  the  water  is  distributed  by  gravity  at  a pres- 
sure of  about  75  pounds  to  the  square  inch.  About  23  families 
are  supplied,  and  at  one  time  the  now  abandoned  Tuscarora  Valley 
Railroad  was  supplied.  The  water  requires  no  treatment. 

Orbisonia  (population  741)  and  Rockhill  (population  502)  are 
supplied  by  the  Orbisonia  Water  Co.  from  two  small  springs  and 
one  abandoned  iron-ore  tunnel  on  the  slope  of  Black  Log  Moun- 
tain. The  water  is  stored  in  a 5,600-gallon  reservoir  and  is  dis- 
tributed by  gravity  at  an  average  pressure  of  45  pounds  to  the 
square  inch.  There  are  4 fire  hydrants  in  the  system.  About  264 
families  are  supplied.  The  water  does  not  require  treatment. 

The  State  Forest  Nursery  at  Greenwood  Furnace  is  supplied 
from  springs,  but  no  data  were  obtained  concerning  this  supply. 

The  Pennsylvania  Industrial  Reformatory  near  Smithfield  is 
supplied  from  spring  591.  About  950  people  use  the  water,  and 
the  average  daily  consumption  is  about  85,000  gallons.  The  water 
is  of  good  quality,  as  shown  by  analysis  591,  and  is  chlorinated. 
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GROUND  WATER 


Partial  analyses  of  ground  waters  from  Huntingdon  County 

[Analyzed  by  E.  W.  Lohr.  Parts  per  million.  Numbers  at  heads  of  columns  refer  to  corresponding 
numbers  in  the  preceding  table  and  on  pi.  2.] 


564 

573 

589 

591 

Calcium  (Ca)  - 

a 28 

133 

114 

‘ 8 

32 

11 

Sodium  and  potassium 

17 

44 

37 

5 

(Na-^-K)» 

Bicarbonate  (HCO3)  - 

105 

272 

201 

22 

Sulphate  (SO4) 

» 17 

223 

20 

a 4 

Chloride  (Cl) 

1.0 

74 

150 

1.0 

Nitrate  (NO3) 

.10 

.0 

17 

3.7 

Total  dissolved  solids  ‘‘ ........ 

113 

640 

448 

32 

Total  hardness  as  CaCOa.— 

68 

464 

' 330 

16 

Date  of  collection  (1933) 

Oct.  10 

Oct.  10 

Oct.  10 

Oct.  10 

593 

610 

632 

6.1 

80 

45 

a 24 

13 

Sodium  and  potassium  (Na+K)' 

b 

3 

20 

Bicarbonate  (HCO3)  ..  

270 

83 

144 

Sulphate  (SO4)- — 

20 

“ 60 

10 

Chloride  (Cl)  . _ 

2.0 

33 

1 

Nitrate  (NO3) 

5.2 

.10 

.30 

Total  dissolved  solids  ^ 

253 

206 

136 

Total  hardness  as  CaCOs 

« 253 

171 

86 

Date  of  collection  (1933)-  . .. 

Oct.  13 

Oct.  13 

Oct.  13 

* By  turbidity.  ^ Less  than  5.  «=  Calculated. 
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Log  of  flowing  well  of  Rockhill  Coal  & Iron  Co.,  at  Rohertsdale 

[No.  632.  Authority,  chief  engineer.] 


Surface  soil 

Slate,  black 

Sandstone,  gray  (Homewood) 

Coal  and  slate  (Mount  Savage  or  Mercer?) 

Slate,  black,  sandy 
Sandstone,  gray 
Slate,  black,  sandy 
Sandstone,  gray 
Sandstone,  green. . 

Shale,  green 

No  record,  alternating  green  sandstone  and  red  shale  (Mauch  Chunk) . . . . 


I Connoquenessing 


Thickness  Depth 

(feet)  (feet) 


22 

22 

8 

30 

51 

81 

2 

83 

15 

98 

17 

115 

5 

120 

86 

218 

7 

225 

5 

230 

63 

293 
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.rUNIATA  COUNTY 

Area  392  square  miJes.  Population  (1930)  14,325. 

GEOGRAPHY 

Juniata  County  is  a mountainous,  sparsely  populated  county 
with  only  about  37  inhabitants  to  the  square  mile,  as  against  215 
for  the  entire  State.  The  largest  borough  in  the  county  is  Mifflin- 
town,  which  had  a population  of  1,027  in  1930.  About  56  percent 
of  the  total  land  area  is  devoted  to  agriculture,  the  principal 
industry.  The  Federal  census  of  1929  credits  the  county  with 
only  20  industrial  establishments  whose  products  were  valued  at 
$5,000  or  more  annually,  one  less  than  in  any  other  county 
covered  by  this  report.  The  main  line  of  the  Pennsylvania  Rail- 
road and  the  William  Penn  Highway  follow  the  Juniata  River 
along  the  only  practicable  east-west  route  in  the  50-mile  length 
of  the  county. 

The  topography  of  Juniata  County  is  typical  of  the  Ridge  and 
Valley  province,  and  the  east  and  west  boundaries  of  the  south- 
western two-thirds  of  the  county  are  the  summits  of  high,  even- 
crested  ridges.  In  the  part  that  has  been  mapped  topographically, 
which  includes  all  but  the  southeast  end,  the  highest  point  is  on 
Blacking  Mountain,  which  stands  2,260  feet  above  sea  level  in 
Beale  Township.  Tuscarora  Mountain  has  an  altitude  of  2,120 
feet  at  one  point  in  Turbett  Township,  and  Shade  Mountain  is 
2,000  feet  high  in  some  places.  The  Juniata  River  leaves  the 
county  at  an  altitude  of  about  380  feet,  the  lowest  point  in  the 
county.  The  maximum  relief  is  therefore  about  1,880  feet.  The 
mountains  noted  above  stand  1,400  to  1,600  feet  above  the  bottoms 
of  the  adjacent  valleys.  Except  for  a small  area  at  th€  east  end, 
which  is  drained  by  the  West  Branch  of  Mahantango  Creek  and 
other  tributaries  of  the  Susquehanna  River,  Juniata  County  is 
drained  entirely  by  the  Juniata  River,  which  flows  across  the 
center  of  the  county. 

GEOLOGY 

The  rock  formations  in  Juniata  County  range  from  undiffer- 
entiated Ordovician  limestones  (oldest),  exposed  only  in  Blacking 
Valley,  at  the  westernmost  corner  of  the  county,  to  the  Portage 
group,  of  Upper  Devonian  age  (youngest),  exposed  only  in  the 
southwestern  part  of  the  county  (pi.  1).  In  addition  there  are 
thin  deposits  of  Pleistocene  age  along  the  Juniata  River.  The 
character  and  water-bearing  properties  of  these  formations  are 
described  in  the  first  part  of  this  report.  The  larger  part  of  the 
county  is  underlain  by  Silurian  and  Devonian  strata,  most  of 
which  have  not  been  differentiated  and  mapped  with  much  detail. 
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For  example,  the  Clinton  formation  and  the  Cayuga  group — the 
latter  consisting  of  four  separate  formations — were  all  mapped 
together,  and  the  same  is  true  of  the  IVIiddle  and  Upper  Devonian 
formations.  For  this  reason  only  the  approximate  geologic  hori- 
zon is  given  for  many  of  the  wells  in  the  accompanying  well 
tables.  The  major  folds  trend  northeast,  curving  toward  the  east, 
but  the  geology  has  not  been  mapped  with  sufficient  detail  to 
reveal  the  presence  or  extent  of  faults. 

GROUND  WATER 

The  limestones  and  calcareous  shales  of  the  Cayuga  group  and 
to  some  extent  the  Helderberg  limestone  are  the  water-bearers 
most  extensively  utilized  in  Juniata  County,  owing  principally 
to  the  fact  that  these  rocks  underlie  almost  all  the  fertile  valley 
areas  in  the  county.  About  65  percent  of  the  wells  for  which 
records  are  tabulated  below  tap  the  Cayuga  group,  the  rocks  of 
which  are  also  probably  the  most  productive  water-bearers  in 
the  county.  The  Oriskany  group  generally  forms  a ridge  sepa- 
rating the  fertile  valleys  of  Silurian  rocks  from  the  rolling,  hilly 
areas  of  Devonian  rocks.  Nearly  all  the  wells  in  the  county  are 
used  for  domestic  purposes  or  stock,  and  dug  wells  appear  to  be 
more  numerous  than  drilled  wells  in  most  of  the  farms  and 
villages.  Small  mountain  or  hillside  springs  are  used  in  many 
places  and  furnish  a few  public  supplies,  but  no  large  springs 
were  observed. 

In  a few  of  the  towns  along  the  Juniata  River  drilled  wells  are 
used  to  supply  cooling  water  to  dairies,  and  there  are  several 
other  wells  at  plants  no  longer  in  operation.  (See  wells  722,  729, 
753,  and  768.)  Well  722,  at  Mifflintown,  yields  275  gallons  a 
minute  from  a limestone  in  the  Cayuga  group,  the  largest  yield 
reported  in  the  county. 

Only  three  flowing  wells  were  reported  in  Juniata  County 
(wells  757,  774,  and  776),  but  the  water  level  in  some  of  the 
other  wells  stands  close  to  the  ground  surface.  Additional  wells 
of  this  type  might  be  obtained  locally,  particularly  in  the  areas 
underlain  by  Devonian  rocks,  but  there  appear  to  be  no  areas 
where  large  flows  might  be  expected. 

Analyses  of  5 samples  of  ground  water  from  wells  and  springs 
in  Juniata  County  are  tabulated  below.  The  sample  from  a spring 
in  the  Clinton  formation  was  very  soft,  as  shown  by  analysis  719. 
The  three  waters  from  the  Cayuga  group  were  very  hard  as 
shown  by  analyses  721,  722,  and  733,  and  one  contained  0.37  part 
per  million  of  iron.  Many  waters  from  the  Cayuga  in  Bedford 
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and  Mifflin  Counties  are  much  harder  than  these,  owing  to  large 
amounts  of  calcium  sulphate.  Analysis  740,  from  the  Hamilton 
or  Portage,  indicates  a good,  slightly  hard  water. 

As  most  of  the  wells  in  the  county  penetrate  the  Cayuga  group, 
it  is  safe  to  say  that  most  of  the  ground  waters  are  probably 
rather  hard.  The  quality  of  water  to  be  expected  from  the 
Cayuga  and  the  other  formations  is  summarized  on  pages  80,  81. 

PUBLIC  SUPPLIES 

Only  six  public  water  supplies  were  noted  in  Juniata  County. 
Mifflintown  and  Macedonia  are  supplied  exclusively  with  surface 
water,  McAllisterville  and  Richfield  are  supplied  entirely  from 
springs,  and  Port  Royal  and  Thompsontown  are  supplied  from 
springs  and  streams. 

McAllisterville  is  supplied  by  the  McAllisterville  Water  Co. 
from  two  small  springs  that  issue  from  the  Clinton  formation 
in  McAllister  Gap,  2.3  miles  northwest  of  the  village.  The  springs 
yield  15  and  18  gallons  a minute,  and  ordinarily  only  the  larger 
one  is  used.  The  water  flows  by  gravity  to  a 33,000-gallon  con- 
crete reservoir  on  Slim  Valley  Ridge,  whence  it  is  distributed 
by  gravity  at  an  average  pressure  of  about  75  pounds  to  the 
square  inch.  There  are  six  fire  hydrants  in  the  system.  The 
average  daily  consumption  is  5,000  gallons,  all  of  which  repre- 
sents domestic  use.  The  water  is  not  treated  and  is  very  soft, 
as  shown  by  analysis  719. 

Port  Royal  (population  579)  is  supplied  by  the  Port  Royal 
Water  Supply  Co.  from  four  small  springs  that  issue  from  the 
Clinton  formation  on  the  north  slope  of  Tuscarora  Mountain  2)4 
miles  south  of  the  borough.  In  exceptionally  dry  weather  one 
small  stream  furnishes  an  auxiliary  supply.  There  are  three 
reservoirs  having  an  aggregate  capacity  of  1,000,000  gallons — 
two  near  the  springs  and  one  on  a hill  just  north  of  the  borough. 
The  water  is  distributed  by  gravity  at  an  average  pressure  of 
about  75  pounds  to  the  square  inch.  There  are  22  fire  hydrants 
in  the  system,  and  water  is  supplied  to  about  240  families,  a dairy, 
and  a silk  mill.  The  water  is  chlorinated. 

Richfield  is  supplied  from  three  small  springs  owned  by  J.  C. 
Boyer,  and  two  more  springs  are  held  in  reserve.  The  springs 
issue  from  the  Clinton  formation  on  the  side  of  Shade  Mountain 
in  Snyder  County,  about  1)4  miles  northwest  of  Richfield.  The 
three  springs  ordinarily  used  are  reported  to  yield  an  aggregate 
of  17,000  to  100,000  gallons  a day.  The  springs  discharge  into 
a 5,000-gallon  concrete  reservoir,  whence  the  water  is  distributed 
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by  gravity  at  an  average  pressure  of  75  pounds  to  the  square  inch. 
There  is  one  fire  hydrant.  The  daily  consumption  averages  15,000 
gallons,  all  for  household  use.  The  water  is  occasionally  chlorin- 
ated in  the  summer,  but  ordinarily  this  is  not  necessary. 

Thompson  town  (population  325)  is  supplied  by  the  Thompson- 
town  Waterworks  from  a small  stream  about  11/2  miles  northeast 
of  the  borough  and  a limestone  spring  in  the  borough.  The  stream 
flows  into  a concrete  reservoir  holding  about  40,000  or  50,000 
gallons,  from  which  the  water  is  distributed  by  gravity.  The 
spring,  which  issues  from  the  Cayuga  group,  is  reported  to  yield 
more  than  60  gallons  a minute  and  is  used  only  during  dry 
summers,  or  occasionally  for  as  long  as  8 months  of  the  year. 
Water  from  the  spring  is  pumped  directly  into  the  distributing 
mains  at  a rate  of  60  gallons  a minute.  The  pressures  range  from 
20  to  80  pounds  to  the  square  inch,  and  there  are  14  fire  hydrants. 
About  450  people  are  supplied.  The  water  is  chlorinated.  It  is 
reported  that  there  are  several  other  limestone  springs  in  the 
borough,  with  larger  yields  than  the  one  used.  At  one  time  well 
769,  near  the  reservoir,  was  used  as  an  auxiliary  supply,  but  the 
well  was  abandoned  in  favor  of  the  spring. 


Typical  wells  and  springs  in  Juniata  County 
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GROUND  WATER 


Analyses  of  ground  ivaters  from  Juniata  County 

[Analyzed  by  E.  W.  Lohr.  Parts  per  million.  Numbers  at  heads  of  columns  refer  to  corresponding 
numbers  in  orecedin"  table  and  on  ol.  2.1 


719 

721 

722 

733 

740 

12 

0.37 

,04 

0.05 

Calcium  (Ca) 

a 2 

86 

S2 

94 

» 30 

24 

25 

40 

Sodium  (Na) 

1 

( 35 

1 

b 1 

b 0 

b 10 

b 19 

Potassium  (K) 

1 

1 2.2 

1 

Bicarbonate  (HCOs) 

9.0 

.308 

286 

433 

132 

Sulphate  {SO4) 

a 4 

0 20 

51 

50 

« 16 

Chloride  (Cl) 

.6 

17 

61 

3.0 

1.1 

Nitrate  (NO 3) 

.10 

34 

11 

11 

. 10 

Total  dissolved  solids 

h 14 

b 338 

429 

b 421 

b 134 

Total  hardness  as  CaCOa.  . . . 

10 

b 313 

b 308 

b 399 

86 

Date  of  collection  (1934) .... 

.Aug.  18 

Aug.  20 

Aug.  20 

Aug.  23 

Aug.  23 

® By  turbidity.  ^ Calculated. 


Log  of  Breyer  Ice  Cream  Co's,  well  at  Port  Royal 
[No.  729.  Authority,  H.  K.  Hornb^r-rer,  driller] 


Thickness 

(feet) 

Depth 

(feet) 

Clav,  yellow 

15 

15 

Shale,  red  (very  little  water) 

60 

75 

Slate,  black  (some  water  at  120  feet) 

45 

120 

25 

145 

Limestone 

17 

162 

18 

180 

17  ' 

197 

Shale,  very  red  (tested  at  50  gallons  a minute  at  a depth  of  200  feet) 

12 

209 

Slate,  blue  (water-bearing) 

54 

263 

>UFFLIX  COUNTY 

Area  398  square  miles.  Population  (1930)  40,335 
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GEOGRAPHY 

With  about  101  inhabitants  to  the  square  mile,  as  against  215 
for  the  State,  Mifflin  County  ranks  third  in  density  of  population 
among  the  counties  covered  by  this  report.  Lewistown,  which  had 
13,357  inhabitants  in  1930,  is  the  largest  borough  in  the  county 
and  the  fourth  largest  in  the  area.  The  only  other  borough  in 
the  county  with  1,000  or  more  inhabitants  is  Burnham,  which 
had  3,089  in  1930.  The  Federal  census  of  1929  credits  the  county 
with  49  industrial  establishments  whose  products  were  valued 
at  $5,000  or  more  annually.  The  largest  individual  industry  is 
the  manufacture  of  rayon  at  Viscose,  across  the  river  from 
Lewistown,  and  most  of  the  other  manufacturing  is  in  Lewis- 
town  and  Burnham.  Glass  sand,  ganister,  and  limestone  are 
quarried.  About  48  percent  of  the  total  land  area  of  the  county 
is  under  cultivation.  The  most  prosperous  farms  are  in  the  large 
and  fertile  Kishacoquillas  Valley.  The  main  line  of  the  Pennsyl- 
vania Railroad  and  the  William  Penn  Highway  follow  the  Juniata 
River  across  the  southern  part  of  the  county. 

The  topography  in  jMifflin  County  is  typical  of  the  Ridge  and 
Valley  province.  Like  those  of  Juniata  County,  the  east  and  west 
boundaries  of  IMifflin  County  are  the  summits  of  long,  narrow, 
even-crested  ridges.  Jacks  Mountain,  near  Mount  Union,  stands 
at  an  altitude  of  2,340  feet — the  highest  known  point  in  the 
county  so  far  as  topographic  maps  are  available.  Other  high 
points  are  Standing  Stone  Mountain,  2,320  feet;  Shade  Mountain, 
2,260  feet;  and  Blue  Mountain,  2,100  feet.  The  Juniata  River 
leaves  the  county  at  an  altitude  of  about  430  feet — the  lowest 
point  in  the  county.  The  maximum  relief  therefore  is  about  1,910 
feet.  Mifflin  County  is  drained  entirely  by  the  Juniata  River 
except  for  a few  square  miles  in  the  northernmost  part,  wfflich  is 
drained  by  Penns  Creek,  a tributary  of  the  Susquehanna  River. 

GEOLOGY 

The  rock  formations  exposed  in  Mifflin  County  range  from  the 
undifferentiated  Ordovician  limestones  and  dolomites  and  pos- 
sibly some  beds  of  Cambrian  age  exposed  in  the  Kishacoquillas 
Valley  to  the  Marcellus  shale  and  possibly  part  of  the  overlying 
Hamilton  formation,  both  of  Middle  Devonian  age,  exposed  in 
a narrow  band  extending  through  the  county  northeastward  from 
Newton  Hamilton  (pi.  1).  There  are  also  shallow  deposits  of 
Pleistocene  and  Recent  material  along  the  Juniata  River.  The 
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character  and  water-bearing  properties  of  these  formations  are 
described  in  the  first  part  of  this  report.  The  high  ridges  are 
capped  by  the  Tuscarora  quartzite.  The  larger  part  of  the 
Juniata  Valley  is  underlain  by  the  Cayuga  group,  the  several 
bands  of  which  are  separated  by  ridges  of  the  Oriskany  group 
and  the  Helderberg  limestone  and  hilly  or  rolling  areas  of  the 
Middle  Devonian  rocks.  As  in  Juniata  County,  most  of  the  forma- 
tions have  not  been  differentiated  and  mapped  in  any  detail,  so 
that  in  the  time  available  only  approximate  geologic  correlations 
could  be  made  for  many  of  the  wells  and  springs.  The  principal 
folds  trend  northeast  and  curve  gently  toward  the  east.  Standing 
Stone  Mountain  is  offset  by  a fault  in  Union  Township. 

GROUND  WATER 

The  most  productive  water-bearing  formations  that  have  beeiT 
exploited  in  Mifflin  County  are  the  Ordovician  limestones  and 
dolomites  in  Kishacoquillas  Valley  and  the  limestones  of  the 
Cayuga  group  and  Helderberg  limestone  in  the  large  valley  area 
east  of  Jacks  Mountain. 

The  Ordovician  limestones  and  dolomites  give  rise  to  several 
large  springs,  such  as  nos.  654,  658,  and  665,  and  to  numerous 
smaller  springs.  Except  for  wells  663  and  664,  in  Bellville,  which 
furnish  water  for  cooling,  most  of  the  wells  in  these  limestones 
are  used  only  for  domestic  and  stock  supply,  so  that  the  maximum 
water-yielding  capacity  has  not  been  determined.  Likewise,  the 
younger  limestones  of  the  Cayuga  and  Helderberg  furnish  mainly 
domestic  and  stock  supplies  except  in  the  vicinity  of  Lewistown, 
where  records  were  obtained  of  six  wells  that  are  pumped  at 
rates  of  35  to  360  gallons  a minute,  four  of  them  yielding  more 
than  100  gallons  a minute  each.  (See  wells  689  to  695.) 

The  Reedsville  shale  and  the  Middle  Devonian  shales  yield 
small  but  generally  reliable  supplies.  The  Oriskany  group  forms 
steep  ridges  and  is  therefore  tapped  by  only  a few  wells,  but  it 
supplies  some  small  springs  and  furnishes  McVeytown  with 
water.  (See  below.)  The  Clinton,  Tuscarora,  Juniata,  and  Oswego 
are  relatively  unimportant  as  sources  of  water  owing  to  their 
topographic  position,  but  the  Clinton  supplies  a few  hillside  wells. 

Dug  wells  and  springs  furnish  a large  part  of  the  water  in  the 
villages  and  farms,  but  drilled  wells  are  also  used  in  many  places. 
Small  mountain  springs  are  piped  to  some  of  the  farms  in  the 
adjacent  valleys,  particularly  along  the  borders  of  Kishacoquillas 
Valley.  Cisterns  are  also  used  by  some  of  the  residents  of  this 
valley. 
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Records  were  obtained  of  only  three  flowing  wells  in  Mifflin 
County  (wells  664,  670,  and  694),  only  one  of  which  flows  peren- 
nially. There  appear  to  be  no  particular  areas  where  such  wells 
could  be  obtained  in  any  considerable  number. 

Analyses  of  5 samples  of  water  from  as  many  geologic  forma- 
tions in  Mifflin  County  are  given  below,  and  the  quality  of  water 
to  be  expected  from  the  different  formations  in  the  county  is 
summarized  on  pages  80,  81.  The  sample  from  the  Oriskany  was 
soft,  as  shown  by  analysis  671,  but  all  the  others  were  moderately 
hard  to  very  hard.  Analysis  694,  of  a sample  from  the  Cayuga 
group,  indicates  a highly  mineralized,  extremely  hard  water,  con- 
taining principally  calcium  sulphate.  Most  of  the  Cayuga  waters 
are  very  hard,  though  probably  few  others  are  as  hard  as  694. 
Four  of  the  five  samples  contained  0.4  to  0.87  part  per  million  of 
iron,  but  this  does  not  indicate  that  iron-bearing  waters  are  wide- 
spread in  the  county,  as  few  of  the  well  owners  reported  any 
trouble  due  to  excessive  iron  content. 

PUHLIC  SUPPLIKS 

A few  of  the  larger  boroughs  in  Mifflin  County  have  surface- 
water  supplies,  and  McVeytown  has  the  only  ground-water 
supply.  Those  supplied  with  surface  water  include  Allenville, 
Burnham,  Highland  Park,  Lewistown,  Menno,  Reedsville,  Yeager- 
town,  and  the  Viscose  plant  at  Viscose. 

A part  of  McVeytown  (population  566)  is  supplied  by  the 
McVeytown  Private  Water  Co.  from  an  abandoned  sand  mine 
tunnel  used  as  an  infiltration  gallery.  The  tunnel  penetrates  a 
hill  composed  of  the  Oriskany  group  and  was  once  used  for  min- 
ing glass  sand.  Water  from  the  tunnel  is  pumped  to  a 34,000- 
gallon  reservoir  by  a gasoline-driven  pump  at  a rate  of  about  38 
gallons  a minute,  the  pump  being  operated  about  6 hours  a week. 
The  water  is  distributed  by  gravity  and  supplies  10  or  11  families. 
The  average  daily  consumption  is  less  than  2,000  gallons.  The 
water  is  not  treated  and  is  of  good  quality,  as  shown  by  analysis 
671. 


Principal  water-bearing  bed 
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• Altitudes  taken  from  nearest  contour  on  topographic  maps.  No  topographic  map  of  the  ® Ls,  limestone;  sh,  shale;  ss,  sandstone. 

Mattawana  quadrangle.  A.  air  lift;  F.  natural  6ow;  H,  lift  pump,  hand-operated;  N.  none;  P.  force  pump,  power-operated; 

*>  Dr,  drilled  well;  Du,  dug  well;  DD.  dug  and  drilled  well;  IG,  infiltration  gallery;  Sp.  spring.  S.  suction  pump,  power-operated;  T,  turbine  pump.  , r,  ^ i 

* C,  condensing  or  cooling;  D,  domestic;  I,  industrial;  N,  none;  P,  public  supply;  o,  stock. 
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Analyses  of  ground  zvaters  from  Mifflin  County 

[Analyzed  by  E.  W.  Lohr.  Parts  per  million.  Numbers  at  heads  of  columns  refer  to  corresponding 
numbers  in  the  preceding  table  and  on  pi.  2.) 


049 

064 

671 

094 

708 

Silica  (Si02) 

8.2 

Iron  (Fe) 

0.43 

.02 

0.86 

0.87 

0.72 

Calcium  (Ca) 

> 26 

60 

a 18 

480 

60 

30 

121 

8 5 

Sodium  (Na) 

) 

f 11 

1 l>  14 

i 

b 5 

b 5 

b 11 

Potassium  (K) 

j 

i 1.9 

1 

Bicarbonate  (HCO3) 

164 

254 

50 

202 

151 

Sulphate  (SO4) 

» 10 

27 

b 7 

1,404 

68 

Chloride  (Cl) 

1.0 

28 

1.0 

5.0 

10 

Nitrate  (NO3) 

. 10 

22 

.70 

.0 

.20 

Total  dissolved  solids 

b 152 

312 

b 54 

b 2,174 

b 232 

Total  hardness  as  CaCOs.  . • . 

116 

b 273 

40 

b 1,096 

b 185 

Date  of  collection  (1934) .... 

Aug.  14 

Aug.  14 

Aug.  15 

Aug.  14 

Aug.  14 

“ By  turbidity.  Calculated. 


PKKRY  COUNTY 

Area  564  square  miles.  Population  (1930)  21,744 

GEOGUAPHY 

Perry  County  is  a mountainous,  sparsely  populated  county  with 
only  about  39  inhabitants  to  the  square  mile,  as  against  215  for 
the  entire  State.  Marysville,  Duncannon,  and  Newport  are  the 
only  boroughs  having  1,000  or  more  inhabitants,  and  the  largest 
is  Marysville,  which  had  1,922  in  1930.  About  58  percent  of  the 
total  land  area  is  devoted  to  agriculture,  which  is  the  principal 
industry.  The  Federal  census  of  1929  credits  the  county  with  37 
manufacturing  establishments  whose  products  were  valued  at 
$5,000  or  more  annually.  The  larger  settlements  and  most  of  the 
industries  are  situated  along  the  Susquehanna  River,  which  forms 
the  eastern  boundary,  or  along  the  Juniata  River,  which  traverses 
the  eastern  part  of  the  county.  The  main  line  of  the  Pennsyl- 
vania Railroad  parallels  these  two  rivers  through  the  county,  and 
the  William  Penn  Highway  and  the  Susquehanna  Trail  parallel 
the  Juniata  and  Susquehanna,  respectively. 

The  topography  in  Perry  County  is  typical  of  the  Ridge  and 
Valley  province  and  is  especially  mountainous  in  the  southwestern 
part.  (See  pi.  4,  B.)  The  highest  known  parts  of  the  county  are 
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in  Toboyne  Township,  where  Rising  Mountain  and  two  points  on 
Blue  Mountain  have  altitudes  of  2,240  feet.  Parts  of  Toboyne 
and  Jackson  Townships  have  not  been  mapped  topographically 
and  may  contain  higher  points.  The  Susquehanna  River  leaves  the 
county  north  of  Harrisburg  at  an  altitude  of  about  310  feet — 
the  lowest  point  in  the  county.  The  maximum  relief  is  therefore 
about  1,930  feet.  Many  of  the  ridges  rise  1,200  to  1,400  feet 
above  the  bottoms  of  the  adjacent  valleys.  Perry  County  is 
drained  entirely  by  the  Juniata  and  Susquehanna  Rivers. 

GEOI.OGY 

The  Paleozoic  rocks  exposed  in  Perry  County  range  from  the 
undifferentiated  Ordovician  limestones  exposed  in  Horse  Valley 
(oldest)  to  the  Mauch  Chunk  shale,  of  Mississippian  age,  exposed 
along  the  Susquehanna  River  in  The  Cove  and  in  Hunters  Valley 
(youngest).  Several  dikes  of  Triassic  diabase  cut  older  strata 
in  the  southeastern  part  of  the  county,  and  deposits  of  Pleisto- 
cene and  Recent  age  are  found  at  some  places  along  the  Juniata 
and  Susquehanna  Rivers.  The  character  and  water-bearing- 
properties  of  these  formations  are  described  in  the  first  part  of 
this  report.  Cove,  Peters,  Berry,  and  Buffalo  Mountains  are 
formed  by  the  Pocono  formation,  and  the  remainder  of  the  high 
ridges  that  border  the  county  on  the  north,  south,  and  west  are 
formed  by  the  Tuscarora  quartzite.  The  folds  trend  northeast, 
and  the  two  synclines  that  have  preserved  the  Mauch  Chunk  shale 
pitch  downward  toward  the  east,  where  they  unite  to  form  the 
Southern  Anthracite  field  of  Dauphin  and  Schuylkill  Counties. 
The  structure  in  the  south-central  part  of  the  county  is  character- 
ized by  complex  folds  and  by  several  faults.  The  absence  of  late 
Silurian  and  Lower  Devonian  strata  at  the  Susquehanna  Water 
Gap  south  of  Marysville  may  be  due  to  a fault  or  to  an  uncon- 
formity.°° 

GUOUl\13  WATER 

In  Perry  County  ground  water  is  used  chiefiy  for  domestic  or 
stock  supply.  Small  springs  are  numerous,  owing  to  the  moun- 
tainous nature  of  the  county,  and  are  used  by  many  of  the  farms, 
but  no  large  springs  were  observed.  Dug  wells  appear  to  be  more 
numerous  than  drilled  wells.  The  farm  wells  tap  many  different 
geologic  formations,  and  most  of  them  yield  adequate  supplies, 
but  a few,  such  as  well  844,  do  not  yield  sufficient  water. 

Relatively  few  wells  are  used  for  industrial  or  public  supply. 
Two  wells  in  Newport  yield  80  and  85  gallons  a minute  (nos.  823, 

Willard,  Bradford,  Oriskany  at  Susquehanna  Gap,  Pa.;  Geol.  Soc.  America 
Bull.,  vol.  42,  pp.  697-706,  1931. 
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824),  and  two  in  Duncannon  yield  30  and  40  gallons  a minute 
(nos.  839,  840).  Weil  814,  in  Elliotsburg,  was  reported  to  yield 
about  160  gallons  a minute,  but  the  plant  which  it  supplied  is 
now  closed.  Two  wells  near  Loysville  yield  more  than  25  gallons 
a minute.  The  condensing  plant  of  the  Breyer  Ice  Cream  Co., 
across  the  Juniata  River  from  Millerstown,  uses  about  300,000 
gallons  of  water  a day,  obtained  from  springs  near  the  base  of 
Raccoon  Ridge.  This  is  the  largest  ground-water  supply  observed 
in  the  county. 

Only  three  flowing  wells  (nos.  790,  812,  833)  were  observed, 
but  one  other  was  reported  near  Erly.  It  is  possible  that  other 
flowing  wells  could  be  obtained  by  deep  drilling  in  some  of  the 
synclinal  basins,  such  as  The  Cove,  Hunters  Valley,  and  some  of 
the  valleys  in  the  southwestern  part  of  the  county. 

Weekly  measurements  of  the  depth  to  water  level  in  wells  782 
and  822  are  being  made.  (See  pp.  35-39.)  A view  of  well  822 
is  shown  in  plate  8. 

Five  analyses  of  ground  water  from  as  many  geologic  forma- 
tions in  Perry  County  are  tabulated  below,  and  the  quality  of 
water  to  be  expected  from  the  different  formations  is  summarized 
on  pages  80-81.  These  analyses  indicate  moderately  hard  to  very 
hard  waters,  and  three  show  more  than  0.1  part  per  million  of 
iron.  The  hardest  water  analyzed  came  from  well  801,  in  the 
Wills  Creek  shale  of  the  Cayuga  group,  and  it  is  possible  that 
some  of  the  waters  from  the  calcareous  part  of  the  Cayuga  group 
may  have  even  greater  hardness.  In  general,  however,  the 
ground  waters  in  Perry  County  are  satisfactory  for  most  ordinary 
purposes. 


PUBLIC  SUPPLIES 

Marysville,  Duncannon,  and  Newport,  the  three  largest  bor- 
oughs in  the  county,  are  supplied  by  surface  water,  and  Juniata 
Bridge  and  Benvenue  are  supplied  from  Duncannon.  Several 
Civilian  Conservation  Corps  camps  in  Toboyne  Township  are  also 
supplied  by  surface  water.  Blain,  Millerstown,  Bloomfield,  and 
the  Tressler  Orphans’  Home  at  Loysville  are  supplied  by  ground 
water. 

Blain  (population  291)  is  supplied  by  the  Blain  Water  Co. 
from  a spring  that  issues  from  sandstone  at  the  foot  of  Conoco- 
cheague  Mountain,  about  a mile  northwest  of  the  borough.  The 
water  is  stored  in  a 60,000-gallon  concrete  reservoir  below  the 
spring  and  is  distributed  by  gravity.  The  reservoir  is  reported  to 
overflow  continuously  in  normal  weather.  There  are  13  fire 
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hydrants  in  the  system,  and  about  100  homes  are  supplied.  The 
water  does  not  require  treatment. 

Millerstown  (population  689)  is  supplied  by  the  borough  from 
three  springs  that  issue  from  a red  sandstone  of  the  Clinton 
formation  on  the  north  slope  of  Tuscarora  Mountain,  in  Juniata 
County,  about  3 miles  northwest  of  the  borough.  The  springs 
are  reported  to  yield  an  aggregate  of  about  38  gallons  a minute 
The  water  flows  by  gravity  to  a 220,000-gallon  concrete  reservoir 
on  a hill  just  north  of  the  borough  line  and  is  distributed  by 
gravity  at  pressures  ranging  from  95  to  110  pounds  to  the  square 
inch.  There  are  10  fire  hydrants  in  the  system,  and  about  750 
people  are  supplied.  The  water  does  not  require  treatment. 

Bloomfield  (post  office  New  Bloomfield;  population  730)  is 
supplied  by  the  Bloomfield  Water  & Sewer  Co.  from  about  10 
small  springs  that  issue  from  sandstone  of  the  Oriskany  group 
on  Limestone  Ridge,  half  a mile  east  of  the  borough.  The  aggre- 
gate yield  of  the  springs  is  about  60  gallons  a minute  (spring 
815).  The  water  is  stored  in  two  concrete  reservoirs  just  north 
of  the  borough,  having  a total  capacity  of  175,000  gallons,  and  is 
distributed  by  gravity  at  an  average  pressure  of  about  39  pounds 
to  the  square  inch.  There  are  14  fire  hydrants  in  the  system,  and 
about  210  families  are  supplied.  The  water  does  not  require 
treatment  and  is  of  good  quality  except  for  its  hardness,  as  shown 
by  analysis  815. 

The  Tressler  Oi^hans’  Home,  near  Loysville,  is  supplied  most 
of  the  time  from  two  springs  that  issue  from  the  Helderberg 
limestone  on  Limestone  Ridge,  li/o  miles  northeast  of  the  home. 
The  water  is  stored  in  two  concrete  reservoirs  holding  an  aggre- 
gate of  220,000  gallons  and  in  a 100,000-gallon  fire  tank,  whence 
it  is  distributed  by  gi’avity  at  an  average  pressure  of  30  pounds 
to  the  square  inch.  There  are  two  auxiliary  drilled  wells  for  use 
only  when  the  spring  supply  is  inadequate  (wells  801,  802),  one 
of  which  was  being  pumped  when  the  home  was  visited  in  August 
1934.  Water  from  the  wells  is  pumped  to  the  reservoirs  by  a 
separate  booster  pump.  There  are  11  fire  hydrants  at  the  home. 
The  daily  consumption  ranges  from  24,000  to  30,000  gallons.  The 
spring  water  is  chlorinated;  the  well  water  is  not.  The  well 
water  is  very  hard,  as  shown  by  analysis  801. 


Principal  water-bearing  bed 
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Remarks 

Temperature  54®F.  See  analysis. 
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1 windmill  operating. 
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Analyses  of  ground  ivaters  from  Perry  County 

[Analyzed  by  E.  W.  Lohr.  Parts  per  million.  Numbers  at  heads  of  columns  refer  to  corrospondinj; 
numbers  in  the  preceding  table  and  on  pi.  2.) 


801 

815 

824 

840 

843 

12 

0 . 07 

0 22 

18 

0.27 

Calcium  (Ca) 

73 

50 

46 

27 

50 

Magnesium  (Mg) 

32 

5.8 

13 

13 

9.7 

Sodium  (Na) 

1 

f 15 

1 

.b 

a b 

» 26 

•2 

Potassium  (K) 

1 

1 3.2 

I 

Bicarbonate  (HCO3) 

258 

168 

144 

96 

120 

Sulphate  (SO4) 

85 

c 10 

81 

28 

« 20 

Chloride  (Cl) 

4,0 

1 . 5 

15 

19 

32 

Nitrate  (NO3) 

9.0 

8.4 

.50 

18 

5.0 

Total  dissolved  solids 

“ 335 

• 170 

» 252 

193 

“ 178 

Total  hardness  as  CaCOs  (calculated) . . . 

314 

164 

168 

121 

165 

Date  of  collection  (1934) 

Aug.  25 

Aug.  29 

Aug.  28 

Aug.  27 

Aug.  27 

* Calculated.  ^ Less  than  5 parts.  •=  By  turbidity. 
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GB30GRAPHY 

Snyder  County  is  just  6 square  miles  larger  than  Union  County, 
the  smallest  county  in  the  area.  It  ranks  sixth  in  density  of 
population,  with  about  61  inhabitants  to  the  square  mile,  as  com- 
pared with  215  for  the  entire  State.  Selinsgrove  and  Middleburg, 
with  2,797  and  1,024  inhabitants  respectively  in  1930,  are  the 
only  boroughs  in  the  county  having  as  many  as  1,000  people. 
Agriculture  is  the  principal  occupation,  and  70  percent  of  the 
total  land  area  is  devoted  to  farming — a greater  percentage  than 
in  any  other  county  covered  by  this  report.  The  Federal  census 
of  1929  credits  the  county  with  42  manufacturing  establishments 
whose  products  are  valued  at  $5,000  or  more  annually.  The  Sus- 
quehanna Trail  parallels  the  Susquehanna  River  along  the  eastern 
boundary,  and  a branch  line  of  the  Pennsylvania  Railroad 
traverses  the  county  westward  from  Selinsgrove  to  Lewistown. 
The  Reading  Railroad  crosses  the  northeast  corner. 

The  topography  in  Snyder  County  is  typical  of  the  Ridge  and 
Valley  province.  The  highest  known  point  is  on  Shade  Mountain, 
which  rises  to  an  altitude  of  2,060  feet  in  Spring  Township,  but 
it  is  possible  that  a higher  point  may  exist  on  Jacks  Mountain, 
in  the  northwestern  part  of  the  county,  as  that  section  has  not 
been  mapped  topographically.  The  Susquehanna  River  leaves  the 
county  at  an  altitude  of  about  380  feet — the  lowest  point  in  the 
county.  The  maximum  known  relief  is  therefore  about  1,680 
feet.  The  highest  part  of  Shade  Mountain  stands  about  1,400 
feet  above  the  adjacent  valleys.  Except  for  small  areas  in  West 
Perry  and  West  Beaver  Townships  that  are  drained  by  tributaries 
of  the  Juniata  River,  Snyder  County  is  drained  entirely  by  the 
Susquehanna  River,  which  forms  the  eastern  boundary. 

GEOLOGY 

The  Paleozoic  rocks  exposed  in  Snyder  County  range  from  the 
Reedsville  shale,  of  Upper  Ordovician  age,  exposed  along  Shade 
and  Jacks  Mountains  (oldest),  to  the  Catskill  formation,  of 
Upper  Devonian  age,  exposed  north  of  Port  Trevorton  and  west- 
ward from  Northumberland.  There  is  believed  to  be  no  marine 
Chemung  in  Snyder  County.  Pleistocene  deposits  of  Jerseyan, 
Illinoian,  and  Wisconsin  age  are  found  in  the  northern  part  of  the 
county  and  along  the  Susquehanna  River.  The  Illinoian  terminal 
moraine  ends  in  the  vicinity  of  Selinsgrove  (pi.  1).  The  character 
and  water-bearing  properties  of  these  formations  are  described 
in  the  first  part  of  this  report. 


270 


GROUND  WATER 


The  four  major  folds  trend  northeastward  and  are  known  from 
north  to  south  as  the  Montour  anticline,  Northumberland  syn- 
cline, Selinsgrove  anticline,  and  Shamokin  syncline. 

onouM) 

The  principal  settlements  and  most  pi'osperous  farms  in  Snyder 
County  are  in  the  fertile  valleys  underlain  by  the  Cayuga  group 
(see  pi.  1),  where  wells  drilled  for  domestic,  industrial,  or  public 
supply  generally  obtain  moderate  to  large  amounts  of  water.  The 
Ilelderberg  and  Tonoloway  limestones  and  the  limestones  of  the 
Wills  Creek  shale  are  probably  the  most  productive  water-bearers 
in  the  county.  Four  wells  in  Selinsgrove  and  vicinity  (nos.  354, 
355,  356,  and  358)  were  reported  to  yield  50  to  125  gallons  a 
minute,  and  well  363  in  Middleburg  was  reported  to  yield  60 
gallons  a minute.  The  Middle  and  Upper  Devonian  rocks  form 
hilly  areas  devoted  principally  to  farming  and  generally  yield 
small  but  adequate  supplies  for  domestic  or  stock  use.  The 
Clinton  and  older  formations  form  the  high  I'idges,  on  which  there 
is  very  little  development. 

So  far  as  is  known,  no  attempts  have  been  made  to  obtain 
water  from  the  Pleistocene  deposits,  although  sand  and  gravel 
in  considerable  thickness  have  been  cased  off  in  some  of  the  wells 
along  the  Susquehanna  River.  In  some  wells  near  Selinsgrove 
(see  pp.  119-121),  however,  only  a thick  bed  of  clay  was  en- 
countered. In  wells  344,  348,  352,  354,  355,  356,  357,  and  381 
from  24  to  90  feet  of  unconsolidated  material  was  cased  off. 

Dug  wells  are  still  used  extensively  in  the  rural  regions  and 
constitute  the  principal  source  of  water  in  many  of  the  smaller 
settlements,  such  as  Centreville,  Kantz,  and  Benfer.  In  Freeburg, 
Kratzerville,  and  many  hilly  areas  drilled  wells  predominate;  in 
Port  Trevorton  small  springs  form  the  principal  source  of  supply. 

The  only  flowing  well  reported  in  Snyder  County  is  well  370, 
which  is  reported  to  flow  only  in  the  winter.  The  water  in  well 
373  rises  to  the  surface  in  the  winter  but  does  not  overflow. 

The  analyses  of  5 samples  of  ground  water  from  as  many 
formations  in  Snyder  County  are  given  below,  and  the  quality  of 
water  to  be  expected  from  the  different  formations  exposed  in 
the  county  is  summarized  on  pages  80-81.  The  analysis  of  water 
from  well  345,  in  the  Hamilton  formation,  shows  a large  amount 
of  iron,  and  this  condition  was  reported  in  several  other  nearby 
wells,  but  none  of  the  other  samples  contained  as  much  as  0.1 
part  per  million  of  iron.  Most  of  the  samples  were  slightly  or 
only  moderately  hard,  but  the  sample  from  well  358,  in  the 
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Cayuga,  had  a hardness  of  205.  It  is  quite  possible  that  some  of 
the  Cayuga  waters  are  excesivel\-  liard,  as  they  are  in  paids  of 
Bedford,  Mililin,  Union,  and  Northumberland  Counties.  iMost 
of  the  waters,  however,  are  reported  to  be  satisfactory  for  oi'di- 
nary  purposes. 

I’l  lll.U  M I'I’I.II’.S 

SelinsgTove,  Middleburg,  iMcClure,  and  Beaver  Springs  are  sup- 
plied with  surface  water,  and  INIount  Pleasant  Mills,  Troxelville, 
and  the  Selinsgrove  State  Colony  for  Epileptics  are  supplied  with 
ground  water. 

Mount  Pleasant  Mills  is  supplied  from  a spring  (no.  374)  and 
an  auxiliary  drilled  well  (no.  373),  owned  by  J.  Calvin  Boyer,  a 
resident.  The  water  is  stored  in  a 2,000-gallon  covered  masonry 
reservoir,  and  is  distributed  by  gravity  at  pressures  ranging  from 
11  to  35  pounds  to  the  square  inch.  The  spring  generally  fur- 
nishes all  the  water  needed,  but  wdren  required  water  from  the 
well  is  pumped  directly  into  the  distributing  mains,  the  excess 
backing  up  into  the  reservoir.  The  average  daily  consumption  is 
about  3,000  gallons.  The  water  from  both  sources  is  treated  with 
chloride  of  lime.  The  spring  yields  a good,  moderatel.v  hard 
water,  as  shown  by  analysis  374. 

Troxelville  is  supplied  by  the  Troxelville  M’ater  Co.  from  three 
small  springs  (no.  333).  The  water  flows  into  a 10,500-gallon 
covered  concrete  reservoir  and  is  distributed  by  gravity  at  pres- 
sures ranging  from  70  to  80  pounds  to  the  square  inch.  There  are 
nine  1-inch  fire  hydrants  and  about  25  or  30  families  are  supplied. 
The  water  requires  no  treatment  and  is  a good  soft  water,  as 
shown  by  analysis  333. 

The  Selinsgrove  State  Colony  for  Epileptics,  1 mile  northwest 
of  Selinsgrove,  is  supplied  from  three  drilled  wells  (nos.  354- 
356).  A considerable  quantity  of  water  is  used,  but  no  data  were 
obtained  regarding  the  daily  consumption  or  the  method  of  stor- 
age and  distribution. 

Lohman.  S.  W.,  Ground  water  in  northeastern  Pennsylvania:  Pennsyl- 
vania Ge'vl.  Survey,  4th  ser.  P.ull.  W 4,  p.  204,  1937. 
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Remarks 

Water  reported  hard. 

Driller's  location  not  checked. 

Water  reported  to  contain  hydrogen 

sulphide. 

Aggregate  yield  of  3 springs  about 

10  gallons  a minute,  August  1934, 

but  reported  to  be  about  20  gal- 

lons in  winter.  See  analysis  of 
composite  sample. 

Other  wells  in  Centreville  reported 

to  be  about  the  same  depth. 
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* Altitudes  taken  from  nearest  contour  on  topographic  maps.  No  topographic  maps  for  ” C.  centrifugal  pump;  F,  natural  flow;  H,  lift  pump,  hand-operated;  N,  none;  P,  force  pump,  power 

northwestern  part  of  county.  operated;  S,  suction  pump,  power-operated;  T,  turbine  pump. 

Dr,  drilled  well;  Du.  dug  well;  DD,  dug  and  drilled  well;  Sp,  spring.  ><  C.  condensing  or  cooling;  D,  domestic;  I,  industrial;  N,  none;  P,  public  supply;  S,  stock. 
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Analyses  of  ground  waters  from  Snyder  County 

Analyzed  by  E.  W.  Lohr.  Parts  per  million.  Numbers  at  heads  of  columns  refer  to  corresponding 
numbers  in  the  preceding  table  and  on  pi.  2.) 


333 

345 

358 

374 

383 

13 

10 

.01 

Calcium  (Ca) 

“ lU 

a 20 

64 

.54 

a 2S 

11 

3.2 

.Sodium  (Na) 

( 16 

1 

b 4 

b 11 

J 

1 be 

b 12 

Potassium  (K) 

i 3.9 

( 

Bicarbonate  (HCO^) 

62 

82 

183 

161 

103 

Sulphate  (SO4) 

“ 3 

« 20 

30 

» 12 

a 7 

Chloride  (Cl) 

2 

14 

27 

1.2 

24 

Nitrate  (NO3) 

. 10 

.10 

22 

1.4 

15 

Total  dissolved  solids 

b 56 

b 99 

283 

b 150 

b 155 

Total  hardness  as  CaCOa 

46 

84 

b 205 

b 148 

112 

Date  of  collection  (1934) 

Aug.  8 

Aug.  7 

Aug.  7 

-Aug.  11 

Aug.  7 

a By  turbidity.  ^ Calculated.  « Less  than  5 parts. 
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SOMEllSKT  t'OENTV 

Ai-ea  1,034  square  luiles.  I’opulation  (1030)  80,764. 

(;k<)<;i{ai*hy 

Somerset  County,  the  third  largest  in  the  area  covered  by  this 
report,  ranks  fourth  in  density  of  population,  with  about  78 
inhabitants  to  the  square  mile,  as  against  215  for  the  entire  State. 
Windber,  Somerset,  and  Meyersdale  had  in  1930  respectively 
9,205,  4,395,  and  3,065  inhabitants,  and  six  other  boroughs  had 
from  1,100  to  2,100.  Coal  mining  is  the  leading  industry,  and  in 
addition  in  1929  there  were  75  manufacturing  establishments 
whose  products  were  valued  at  $5,000  or  more  annually.  Even 
though  large  areas  are  devoted  to  mining  or  are  forest-covered, 
62  percent  of  the  total  land  area  is  devoted  to  agriculture.  The 
southern  and  central  parts  of  the  county  are  served  by  the  main 
lines  of  the  Western  Maryland  and  the  Baltimore  & Ohio  Rail- 
roads, and  the  northern  part  by  branch  lines  of  the  Pennsylvania 
Railroad. 

The  topography  in  Somerset  County  is  typical  of  the  Alle- 
gheny Mountain  section  of  the  plateau  province,  except  for  the 
southeast  corner,  which  lies  in  the  Ridge  and  Valley  province. 
The  highest  point  in  the  county  as  well  as  in  the  State  is  the 
summit  of  Mount  Davis,  on  Negro  Mountain,  which  stands  3,213 
feet  above  sea  level.  Several  other  places  on  the  rather  flat-topped 
Negro  Mountain  have  altitudes  of  more  than  3,000  feet.  Alle- 
gheny Mountain,  near  the  eastern  border  of  the  county,  rises  to 
an  altitude  of  2,949  feet  in  Allegheny  Township,  and  Laurel  Hill, 
which  forms  the  western  border  of  the  county,  stands, at  an  alti- 
tude of  2,940  feet  in  Jefferson  Township.  Gladdens  Run  leaves 
the  county  in  Southampton  Township  at  an  altitude  of  about 
1,040  feet — the  lowest  point  in  the  county.  The  maximum  relief 
is  therefore  about  2,173  feet.  Mount  Davis  stands  about  1,600 
feet  above  the  Cassehnan  River,  which  flows  41/^  miles  to  the 
northwest.  Most  of  the  county  lies  in  the  Ohio  River  drainage 
basin,  the  northern  half  being  drained  by  tributaries  of  the 
Conemaugh  River  and  most  of  the  southern  half  by  the  Youghio- 
gheny  River.  Small  areas  in  the  southeastern  part  of  the  county 
are  drained  by  the  Raystown  Branch  of  the  Juniata  River  and 
by  tributaries  of  the  Potomac  River. 


GEOI.OUY 

The  rock  formations  exposed  in  Somerset  County  range  from 
the  Chemung  formation,  of  Upper  Devonian  age  (oldest),  to  the 
Monongahela  formation,  of  Pennsylvanian  age  (youngest)  (pi. 
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1).  The  oldest  rocks  are  exposed  only  along  the  Savage  IMoun- 
tain  anticline  in  the  southeastern  part  of  the  county,  and  the 
youngest  rocks  are  exposed  only  in  the  Salisbury-Berlin  and 
Johnstown  synclines.  The  character  and  water-bearing  properties 
of  these  formations  are  described  in  the  first  part  of  this  report. 

The  Allegheny  and  Monongahela  formations  contain  valuable 
coal  beds,  which  are  mined  extensively.  A view  of  one  of  these 
coal  beds  is  shown  in  plate  16,  B.  The  high  ridges  are  formed 
by  the  Pocono  and  Pottsville  formations. 

The  rocks  have  been  gently  folded  into  a succession  of  anti- 
clines and  synclines  that  trend  northeast.  The  principal  anti- 
clines are,  from  west  to  east,  the  Laurel  Hill  anticline,  Boswell 
Dome,  the  Negro  Mountain  anticline,  and  the  Savage  Mountain 
anticline.  The  principal  synclines  include,  from  west  to  east,  the 
Johnstown,  Somerset,  Bei’lin,  and  Wellersburg  synclines. 

GllOXJmj  WATKK 

That  part  of  the  county  lying  in  the  Ridge  and  Valley  province 
is  largely  mountainous  but  contains  a few  scattered  farms  and 
villages.  Most  of  the  water  supplies  in  this  section  are  obtained 
from  dug  wells  or  small  springs  and  a few  drilled  wells. 

West  of  the  Allegheny  Front  drilled  wells  are  numerous,  al- 
though at  many  of  the  farms  and  villages  dug  wells  and  small 
springs  are  still  used  extensively.  In  this  part  of  the  county 
large  yields  are  obtainable  from  drilled  wells  that  tap  any  of  the 
numerous  sandstones  in  the  Pottsville,  Allegheny,  or  Conemaugh 
formations,  and  in  some  places  from  deeper  wells  that  tap  the 
sandstone  in  the  Mauch  Chunk  shale.  Most  of  the  larger  bor- 
oughs are  situated  along  the  several  synclines,  where  water  in 
one  or  more  of  these  sandstones  is  under  considerable  head.  All 
the  sandstones  crop  out  at  considerably  higher  altitudes  on 
Laurel  Hill,  Negro  Mountain,  and  Allegheny  Mountain,  where 
the  opportunity  for  recharge  is  excellent.  The  Pottsville  and 
IMauch  Chunk  together  form  in  some  places  a thick  unit  of  sand- 
stone, which  in  well  849  yields  a total  of  570  gallons  a minute, 
the  strongest  well  reported  in  the  county.  ( See  log. ) Records  are 
given  below  of  about  25  other  industrial  or  public-supply  wells 
that  yield  from  50  to  400  gallons  a minute.  These  sandstones 
grade  into  sandy  shale  or  shale  in  some  places,  so  that  yields  as 
large  as  those  noted  are  not  to  be  expected  everywhere  in  the 
county.  Moreover,  some  wells  situated  close  to  active  coal  mines, 
such  as  nos.  859  and  860,  have  been  ruined. 
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The  Pocono  formation  yields  adequate  supplies  to  a few  wells 
near  its  outcrop,  such  as  well  926,  but  in  most  of  the  county  it 
is  deeply-buried,  and  in  the  deeper  synclines  it  may  contain 
brackish  or  salty  water.  The  Monongahela  crops  out  only  in 
small  areas  and  is  unimportant  as  a source  of  ground  water. 

Records  are  given  below  of  seven  wells  in  Somerset  County 
that  were  reported  to  flow  all  or  part  of  the  year  (wells  883,  885, 
886,  900,  918,  919,  and  925).  Most  of  them  flow  only  a small 
amount,  but  well  925  was  reported  to  flow  about  40  gallons  a 
minute.  The  structural  and  stratigraphic  conditions  are  favor- 
able for  flowing  wells  in  the  several  extensive  synclinal  basins. 

Weekly  measurements  are  being  made  of  the  depth  to  water 
level  in  well  901.  (See  pp.  35-39.) 

Nine  analyses  of  ground  water  from  wells  in  Somerset  County 
are  tabulated  below,  three  each  from  the  three  principal  water- 
bearers — the  Pottsville,  Allegheny,  and  Conemaugh.  The  quality 
of  water  to  be  expected  from  all  the  formations  is  summarized 
on  pages  80-81.  The  three  Pottsville  waters  were  only  slightly 
hard,  as  shown  by  analyses  854,  871,  and  902,  but  one  sample 
contained  27  parts  per  million  of  iron.  Although  present  in 
excess  amount  in  only  1 out  of  the  9 samples,  iron  is  a very 
objectionable  constituent  of  many  of  the  ground  waters  in 
Somerset  County,  and  trouble  due  to  iron  was  reported  in  6 wells 
in  the  Pottsville,  6 in  the  Allegheny,  4 in  the  Conemaugh,  and  1 
in  the  Mauch  Chunk.  One  of  the  Allegheny  waters  was  very 
soft ; the  other  two  were  moderately  hard,  as  shown  by  analyses 
862,  878,  and  884.  Two  of  the  Conemaugh  waters  were  hard,  and 
one  was  exceptionally  hard,  as  shown  by  analyses  888,  899,  and 
924.  The  exceptionally  hard  water  came  from  a well  with  a low 
yield  located  close  to  active  coal  mines.  The  ground  waters  of 
Somerset  County  are  satisfactory  for  most  puiposes,  although 
for  some  purposes  some  of  the  waters  require  treatment  for  the 
removal  of  iron  and  others  may  require  softening. 

PUltl.IC  SUPPMES 

At  least  25  boroughs  and  villages  in  Somerset  County  have 
public  water  supplies,  more  than  half  of  which  use  ground  water 
or  a combination  of  ground  and  surface  waters.  It  was  not  pos- 
sible in  the  time  available  in  the  field  to  obtain  first-hand  informa- 
tion concerning  all  the  public  supplies  using  ground  water,  and 
possibly  some  of  the  mining  villages  have  been  overlooked,  but 
most  of  them,  including  all  the  larger  ground-water  supplies,  are 
described  below.  Boroughs  and  villages  that  were  reported  to  use 
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surface  water  exclusively  include  Acosta,  Central  City,  Conflu- 
ence, Gehagen,  Hooversville,  Jasa  Hill,  Jerome,  Ralphton,  Sipes- 
ville.  Stony  Creek  Mine  2,  and  Windber.  Well  855  formerly  sup- 
plied Central  City  but  was  abandoned,  owing  to  the  high  iron 
content  of  the  water.  Well  874  formerly  supplied  Sipesville,  and 
well  873  formerly  supplied  Acosta,  but  these  wells  were  aban- 
doned in  favor  of  a surface-water  supply  at  Sipesville,  which  now 
supplies  both  villages.  The  large  Quemahoning  Reservoir,  on 
Quemahoning  Creek,  supplies  the  Bethlehem  Steel  Corporation 
at  Johnstown. 

Berlin  (population  1,393)  is  supplied  by  the  Berlin  Water  Co. 
from  eight  springs  that  issue  from  sandstone  on  the  outcrop  of 
the  Pottsville  formation  in  the  Allegheny  Mountains  about  3 miles 
east  of  the  borough.  Most  of  the  springs  discharge  by  gravity 
into  a 600,000-gallon  concrete  reservoir,  but  one  or  two  of  the 
springs,  which  are  used  only  in  emergencies,  are  located  on  the 
opposite  side  of  a ridge,  and  water  from  these  springs  is  pumped 
over  a saddle  in  the  ridge  to  the  reservoir.  The  water  is  dis- 
tributed by  gravity  at  pressures  ranging  from  80  to  100  pounds 
to  the  square  inch.  There  are  27  fire  hydrants  in  the  system. 
The  average  daily  consumption  is  about  40,000  gallons.  The 
water  from  the  springs  ordinarily  used  requires  no  treatment, 
but  that  from  the  auxiliary  springs  is  chlorinated. 

Boswell  (population  1,775)  is  supplied  by  the  Jenners  Water 
Co.  When  visited  in  August  1933  Boswell  obtained  its  water 
from  well  870,  but  it  was  planned  to  abandon  the  well  in  the  fall 
of  that  year,  owing  to  the  iron  content  and  hardness  of  the  water, 
and  to  utilize  surface  water  exclusively. 

In  1929  Blough  was  reported  to  be  supplied  by  the  Wilbur  Coal 
Mining  Co.  from  wells  and  streams,®^  but  this  supply  was  not 
visited  by  the  writer.  At  that  time  a population  of  400  was 
served,  and  the  average  daily  consumption  was  10,000  gallons. 

Cairnbrook  is  supplied  by  the  Loyalhanna  Coal  & Coke  Co.  from 
well  854,  which  is  pumped  at  the  rate  of  300  gallons  a minute. 
The  raw  water  (see  analysis  854)  is  treated  with  hydrated  lime 
and  filtered  for  softening  and  iron  removal  and  is  pumped  to  two 
steel  tanks  having  a combined  capacity  of  40,000  gallons.  The 
water  is  distributed  by  gravity  at  an  average  pressure  of  about 
40  pounds  to  the  square  inch.  There  are  12  fire  hydrants.  In  1929 
the  average  daily  consumption  was  80,000  gallons.  From  25  to 
50  percent  of  the  water  pumped  is  used  by  the  Pennsylvania 
Railroad,  and  the  remainder  by  the  inhabitants. 


“Pennsylvania  Dept.  Health  Yearbook  1929,  p.  82,  Harrisburg:,  1930. 
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In  1929  Foustwell  Village  was  reported  to  be  supplied  from 
wells  by  the  Cosgrove-Meehan  Coal  Co.,®^  but  this  source  was 
not  visited  by  the  writer.  About  280  people  were  served  and  the 
average  daily  consumption  was  10,000  gallons.  The  water  was 
treated. 

Friedens  has  four  separate  public  water  supplies,  each  fur- 
nishing a different  group  of  families. 

Sixty  families  in  the  northeastern  part  of  Friedens  are  supplied 
by  the  Vulcan  Smithing  Coal  Co.  from  well  877.  The  well  pump 
lifts  the  water  to  a 5,000-gallon  covered  concrete  reservoir  on 
a hill  near  the  well,  whence  the  water  is  distributed  by  gravity. 
The  water  is  aerated  to  remove  hydrogen  sulphide,  but  is  not 
treated  in  any  other  way. 

Twenty-two  families  and  a creamery  in  the  southeastern  part 
of  Friedens  are  supplied  by  the  Friedens  Mutual  Water  Co.  from 
spring  879.  Water  from  the  enclosed  spring  flows  by  gravity  into 
a 45,000-gallon  covered  concrete  reservoir  and  is  distributed  by 
gravity.  The  water  does  not  require  treatment. 

Twenty  families  in  the  southwestern  part  of  Friedens  (west 
of  State  highway  53)  are  supplied  by  the  Friedens  Water  Co. 
from  well  881.  The  well  pump  lifts  the  water  into  a 5,100-gallon 
covered  concrete  reservoir  beside  the  well  on  a hilltop,  and  the 
water  is  distributed  by  gravity.  There  is  one  fire  hydrant  in  the 
system.  The  water  requires  no  treatment. 

Twenty-four  families  in  the  southwestern  part  of  Friedens  are 
supplied  by  H.  T.  Bender  from  spring  880.  The  water  is  stored 
in  a 10,000-gallon  covered  concrete  reservoir  near  the  spring  and 
is  distributed  by  gravity  without  treatment. 

Garrett  (population  878)  is  supplied  by  the  Garrett  Water  Co. 
mainly  from  Bigby  Creek  and  Piney  Run.  In  times  of  drought 
or  dry  weather  an  auxiliary  supply  is  furnished  by  well  920. 
The  water  is  stored  by  means  of  two  dams,  the  one  on  Bigby 
Creek  impounding  about  15,000,000  gallons,  and  that  on  Piney 
Run  200,000  gallons.  The  water  is  distributed  by  gravity  at  an 
average  pressure  of  about  80  pounds  to  the  square  inch.  There 
are  12  fire  hydrants  in  the  system.  The  average  daily  consump- 
tion is  260,000  gallons,  of  which  200,000  gallons  is  used  by  a 
railroad  and  60,000  gallons  by  the  inhabitants.  The  water  from 
all  sources  is  chlorinated.  It  was  reported  that  from  July  to 
December  1930  both  streams  were  essentially  dry  and  the  well 
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was  called  upon  to  furnish  the  entire  supply.  During  this  period, 
however,  no  water  was  furnished  to  the  railroad. 

Twenty  families  in  the  western  part  of  Hollsopple  are  supplied 
by  R.  Philip  from  five  small  springs  (no.  847).  The  supply  was 
reported  to  be  very  low  in  the  summer  of  1933. 

In  1929  about  125  people  in  the  Pretoria  Mine  Village  in  IIoll- 
sopple  were  reported  to  be  supplied  by  the  Pennsylvania  Col- 
lieries, from  a well,  about  10,000  gallons  a day  being  used,''*  but 
this  supply  was  not  visited  by  the  writer. 

Tenners  is  supplied  by  the  Consolidation  Coal  Co.  from  well 
871,  which  is  pumped  by  air  lift  at  the  rate  of  230  gallons  a 
minute.  A separate  booster  pump  forces  the  water  to  three 
storage  tanks  having  an  aggregate  capacity  of  112,000  gallons, 
whence  it  is  distributed  by  gravity  at  pressures  ranging  from 
30  to  56  pounds  to  the  square  inch.  The  average  daily  consump- 
tion is  175,000  gallons,  of  which  90  percent  is  used  at  the  com- 
pany’s powerhouse  and  10  percent  is  used  by  the  inhabitants. 
The  water  is  of  good  quality,  as  shown  by  analysis  871. 

Meyersdale  (population  3,065)  is  supplied  by  the  Sand  Spring- 
Water  Company  from  Stams  Run  and  several  springs  that  issue 
from  the  hills  east  of  the  borough,  and  from  a flowing  well  (no. 
925)  which  discharges  into  one  of  the  reservoirs.  There  are 
three  other  drilled  wells  (no.  926)  two  of  which  are  sometimes 
pumped  to  supplement  the  supply  when  the  springs  and  stream 
are  low.  When  Meyersdale  was  visited  in  August,  1933,  one  spring- 
had  been  dry  since  June  15.  The  wells  range  from  8 to  14  inches 
in  diameter  and  from  150  to  1,000  feet  deep.  Well  923,  formerly 
used  as  an  auxiliary  supply,  has  been  abandoned.  The  company 
has  one  concrete  reservoir  and  four  dams  impounding  an  aggre- 
gate of  10-12,000,000  gallons,  from  which  water  is  distributed  by 
gravity  at  pressures  of  40  to  135  pounds  to  the  square  inch.  In 
1936  the  average  daily  consumption  thi’ough  830  meters  was 
about  90,000  gallons.  This  does  not  include  water  used  through 
fire  hydrants  (36  in  the  system)  for  fires,  showers,  street  clean- 
ing, etc.  The  water  from  all  sources  is  chlorinated. 

Rockwood  (population  1,176)  is  supplied  by  the  Rockwood 
Water  Co.  from  several  small  streams  and  three  auxiliary  drilled 
wells  (no.  900)  all  on  the  slope  of  Negro  Mountain  about  3 miles 
south  of  the  borough.  Two  of  the  wells  are  used  at  times  during 
the  summer,  and  owing  to  their  large  yield  the  third  well  is  never 
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needed.  The  three  reservoirs  have  an  aggregate  capacity  of 
3,000,000  gallons,  and  the  water  is  distributed  by  gravity  at 
pressures  ranging  from  100  to  110  pounds  to  the  square  inch. 
There  are  30  fire  hydrants.  The  average  daily  consumption  by 
the  inhabitants  and  one  brewery  is  100,000  gallons.  (See  also 
well  902.)  The  water  from  all  sources  is  chlorinated.  A separate 
system  known  as  the  Commercial  Water  Co.  but  also  owned  by 
the  borough  supplies  the  Baltimore  & Ohio  Railroad.  The  water 
is  obtained  from  the  same  sources  but  is  stored  in  a separate 
1,500,000-gallon  reservoir.  The  railroad  uses  about  83,000  gallons 
a day. 

Somerset  (population  4,395)  is  supplied  by  the  Somerset 
Waterworks  from  four  drilled  wells  (no.  887)  just  north  of  the 
borough.  There  are  also  three  auxiliary  drilled  wells  that  are 
seldom  needed  and  one  well  (no.  889)  that  has  been  abandoned 
owing  to  its  small  yield.  The  two  drilled  wells  of  the  H.  W. 
Walker  Co.  (no.  888)  are  close  to  the  public  wells,  but  the  water 
supply  was  reported  to  be  adequate  even  during  the  drought  of 
1930.  The  wells  discharge  into  a 500,000-gallon  concrete  reser- 
voir at  the  pumping  plant,  from  which  the  water  is  pumped  by 
one  of  two  centrifugal  pumps  at  the  rate  of  1,000  gallons  a 
minute  to  two  500,000-gallon  concrete  distributing  reservoirs  on 
a hill  above  the  borough.  The  water  is  distributed  by  gravity 
at  pressures  ranging  from  65  to  100  pounds  to  the  square  inch. 
There  are  130  fire  hydrants.  The  average  daily  consumption  is 
450,000  gallons,  all  used  for  domestic  purposes.  The  water  is 
chlorinated  and  is  similar  in  quality  to  that  from  well  888,  for 
which  an  analysis  is  given  below. 

The  Somerset  County  Home  and  Hospital,  2.7  miles  east  of 
Somerset,  is  supplied  by  spring  884  and  two  auxiliary  drilled 
wells  (nos.  882  and  883).  An  analysis  of  the  water  from  the 
spring  is  given  below. 

Stoyestown  (population  447)  is  supplied  by  the  Stoyestown 
Water  Co.  from  two  drilled  wells.  The  principal  supply  is  ob- 
tained from  well  862,  across  a hill  0.7  mile  northwest  of  the 
borough.  The  well  is  pumped  at  the  rate  of  50  gallons  a minute 
for  8 or  9 hours  daily,  and  the  water  is  discharged  into  a 90,000- 
gallon  concrete  sump,  from  which  it  is  pumped  a vertical  distance 
of  about  240  feet  to  the  distributing  reservoir  by  a three-stage 
force  pump  at  the  rate  of  70  gallons  a minute.  The  100,000-gallon 
covered  concrete  distributing  reservoir  is  located  in  a saddle  at 
the  west  end  of  the  borough,  and  the  water  is  distributed  by 
gravity  at  pressures  ranging  from  30  to  115  pounds  to  the  square 
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inch.  Well  861,  which  is  equipped  with  a windmill,  is  alongside 
of  the  distributing  reservoir  and  discharges  about  10  gallons  a 
minute  into  the  reservoir  when  the  wind  is  blowing.  There  are 
five  fire  hydrants.  The  average  daily  consumption  is  about  25,000 
gallons.  The  water  is  chlorinated  and  is  of  good  quality,  as  shown 
by  analysis  862. 


Principal  water-bearing  bed 
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Partial  analyses  of  ground  waters  from  Somerset  County 

[Analyzed  by  E.  W.  Lohr.  Parts  per  million.  Numbers  at  heads  of  columns  refer  to  corresponding  numbers  in  the  preceding  table  and  on  pi.  2,1 
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Log  of  zvetl  of  Berioind-ll’hitc  Coal  Co.,  near  ll'iiidbcr 

[No.  849.  Authority,  R.  Phaler,  chief  engineer.) 


Thick- 

ness 

(feet) 

Depth 

(feet) 

Soil 

10 

10 

Slate 

15 

25 

Coal 

1 . 5 

20 . 5 

Sandstone,  dark 

13.5 

40 

Sandstone,  hard 

5 

45 

Coal 

2 

47 

Sandstone,  gray 

10 

57 

Slate,  bony 

2 

59 

Rock,  hard,  black 

1 

60 

Slate,  soft,  black 

2 

62 

Sandstone,  hard,  white 

12 

74 

Fire  clay,  coal  streaks 

3 

77 

Sandstone,  hard,  white 

18 

95 

Sandstone,  hard,  dark  ^ . 

20 

115 

Sandstone,  hard,  blue 

5 

120 

Thick- 

ness 

(feet) 

Depth 

(feet) 

Shale,  blue 

5 

125 

Sandstone,  blue  

5 

130 

Shale,  blue 

6 

136 

Sandstone,  blue 

13.3 

149.3 

Shale,  blue 

6.7 

156 

Shale,  red  ^ 

29 

185 

Shale,  green 

11 

196 

Sandstone,  white  2 

32 

228 

Shale,  dark  red 

8 

236 

Sandstone,  gray 

8 

244 

Shale,  gray 

() 

250 

Shale,  red 

15 

265 

Sandstone,  hard,  light 

30 

295 

Shale,  red 

30 

325 

Shale,  hard,  blue 

16 

341 

' Water-bearing  at  115  feet. 


2 Water-bearing  at  227  feet. 


^ Top  of  Mauch  Chunk. 
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UNION  COUNTY 

Area  305  square  miles.  Population  (1930)  17,468. 

GEOGRAPHY 

Union  County,  the  smallest  county  in  the  area,  had  in  1930 
about  57  inhabitants  to  the  square  mile,  as  compared  with  215 
for  the  entire  State.  Lewisburg  and  Mifflinburg,  which  in  1930 
had  3,308  and  1,959  inhabitants,  respectively,  are  the  only  bor- 
oughs in  the  county  having  populations  of  1,000  or  more.  Agri- 
culture is  the  principal  industry,  but  owing  to  the  mountainous 
nature  of  the  western  part,  only  about  49  percent  of  the  total 
land  area  is  farmed.  The  Federal  census  of  1929  credits  the 
county  with  33  manufacturing  establishments  whose  products 
were  valued  at  $5,000  or  more  annually.  The  county  is  served  by 
the  Reading  Railroad,  which  parallels  the  Susquehanna  River, 
and  by  a branch  line  of  the  Pennsylvania  Railroad  that  runs 
westward  from  Lewisburg  into  Centre  County. 

The  topography  in  Union  County  is  fairly  typical  of  the  Ridge 
and  Valley  province.  The  western  part  is  mountainous,  and 
several  of  the  ridges,  such  as  South  White  Deer  Ridge  and 
Shamokin  Mountain,  extend  eastward  to  the  Susquehanna  River. 
The  highest  point  is  not  definitely  known,  as  the  southwestern 
part  of  the  county  has  not  been  mapped  topographically.  In  the 
area  that  has  been  mapped  the  highest  point  is  Naked  Mountain, 
in  Hartley  Township,  which  stands  at  an  altitude  of  2,100  feet. 
Nittany  Mountain,  in  White  Deer  Township,  rises  to  an  altitude 
of  2,000  feet.  The  eastern  part  along  the  Susquehanna  River  is 
characterized  by  large  fertile  valleys.  The  Susquehanna  River 
leaves  the  county  at  an  altitude  of  about  420  feet,  the  lowest 
point  in  the  county.  The  maximum  known  relief  is  therefore 
about  1,680  feet.  Union  County  is  drained  entirely  by  the  Sus- 
quehanna River,  chiefly  by  the  West  Branch,  which  forms  the 
eastern  boundary,  but  in  part  by  Penns  Creek,  a tributary  of 
the  main  river. 

GEOLOGY 

The  Paleozoic  rocks  exposed  in  Union  County  range  from  the 
Reedsville  shale  of  Upper  Ordovician  age  (oldest),  to  the  Catskill 
formation,  of  Upper  Devonian  age  (youngest).  (See  pi.  1.)  The 
Reedsville  shale  is  exposed  in  several  intermontane  valleys  along 
the  western  border,  and  the  Catskill  formation  is  exposed  only 
at  the  southeast  corner,  at  the  confluence  of  the  North  and  West 
Branches  of  the  Susquehanna.  Much  younger  beds  of  sand  and 
gravel  of  Pleistocene  age  are  found  along  the  West  Branch  of  the 
Susquehanna  and  at  some  places  in  the  interior  of  the  county. 
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The  character  and  water-bearing  properties  of  these  formations 
are  described  in  the  first  part  of  this  report. 

The  mountainous  part  of  the  county  is  formed  by  the  Oswego, 
Juniata,  Tuscarora,  and  Clinton  formations.  The  fertile  valleys 
are  underlain  mainly  by  the  Cayuga  group  but  in  part  by  Lower 
and  Middle  Devonian  rocks.  The  Upper  Devonian  rocks  form  a 
hilly  area  at  the  southeast  corner. 

Union  County  is  crossed  by  numerous  folds  trending  slightly 
north  of  east.  Most  of  the  anticlines  that  characterize  the  Seven 
Mountain  region  of  Centre,  Huntingdon,  Mifflin,  and  Union 
Counties  pitch  downward  and  gradually  die  out  in  and  east  of 
Union  County,  thus  causing  most  of  these  mountains  to  termin- 
ate within  the  county. 


GROUND  WATER 

In  Union  County,  as  in  Juniata  County,  the  limestones  and 
calcareous  shales  of  the  Cayuga  group  and  the  Helderberg  lime- 
stone are  the  most  extensively  utilized  water-bearers,  as  they 
underlie  most  of  the  inhabited  part.  More  than  70  percent  of  the 
wells  listed  in  the  accompanying  tables  end  in  these  formations. 
These  formations  are  also  probably  the  most  productive  water- 
bearers  in  the  county  and  furnish  27  to  100  gallons  a minute  to 
several  wells  (nos.  272,  296,  297,  and  311  to  314)  and  200  to 
about  1,500  gallons  a minute  to  several  large  limestone  springs 
(nos.  271,  277  and  278). 

The  Juniata,  Oswego,  Tuscarora,  and  Clinton  formations 
supply  numerous  mountain  springs,  such  as  nos.  267,  268,  and 
275,  and  the  Clinton  supplies  a few  hillside  wells  for  sanitariums 
such  as  nos.  259,  283,  and  284.  The  probable  maximum  water- 
yielding  capacity  of  the  Clinton,  which  is  largely  shale,  is  indi- 
cated by  the  record  of  well  259.  Although  this  well  is  606  feet 
deep  it  yields  only  42  gallons  a minute  with  moderate  draw-down, 
and  at  60  to  80  gallons  a minute  the  water  level  falls  nearly  to 
the  bottom. 

The  Middle  and  Upper  Devonian  rocks  underlie  hilly  farming 
areas  and  generally  yield  small  but  reliable  supplies. 

So  far  as  is  known,  the  Pleistocene  and  Recent  deposits  of 
sand  and  gravel  along  the  Susquehanna  are  not  utilized  as  sources 
of  water.  In  well  319,  at  Turtleville,  27  feet  of  water-bearing 
sand  and  gravel  was  cased  off,  and  in  well  323,  near  Winfield, 
411/^  feet  of  similar  material  was  cased  off.  Possibly  moderately 
large  supplies  could  be  developed  in  some  places  from  this 
material,  by  the  use  of  well  screens.  (See  pp.  57,  58.) 
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Dug  wells  still  supply  many  of  the  farms  in  low-lying  sections 
and  supply  most  of  the  residents  of  some  of  the  smaller  settle- 
ments, such  as  Hartleton,  Cowan,  and  Mazeppa. 

Wells  272  and  283  were  the  only  flowing  wells  observed  in  the 
county.  Possibly  others  could  be  obtained,  but  there  appear  to  be 
no  areas  where  wells  of  this  type  could  be  expected  with  certainty. 

Five  analyses  of  ground  waters  from  wells  and  springs  and  two 
analyses  of  surface  water  from  streams  in  Union  County  are 
tabulated  below,  and  the  quality  of  water  to  be  expected  from  the 
different  formations  is  summarized  on  pages  80,  81.  Analyses 
275  and  283,  of  waters  from  the  Clinton  formation,  indicate  very 
soft  water  with  very  little  dissolved  mineral  matter.  Analyses 
272,  311,  and  314  from  the  Cayuga  group  and  Helderberg  lime- 
stone, the  principal  water-bearers  in  the  county,  indicate  hard 
waters  containing  appreciable  amounts  of  calcium  and  sulphate, 
which  form  hard  boiler  scale.  Analyses  272  and  311  probably 
represent  about  the  best  water  obtainable  from  these  formations, 
as  many  of  the  Cayuga  or  Helderberg  waters  are  much  harder 
and  much  more  concentrated  than  these  two,  as  shown  by  the 
analysis  of  water  from  a well  across  the  river  in  Northumberland 
County.®®  The  water  from  this  well  contained  2,102  parts  per 
million  of  dissolved  solids  and  had  a hardness  of  1,447  parts. 
The  Bloomsburg  red  shale,  however,  generally  yields  water  of 
much  better  quality  than  any  of  the  other  formations  of  the 
Cayuga  group. 

None  of  the  samples  contained  iron  in  sufficient  quantity  to 
produce  a precipitate,  nor  was  an  excess  of  iron  reported  in  any 
of  the  waters.  In  general,  except  for  some  of  the  very  hard 
Cayuga  or  Helderberg  waters,  the  ground  waters  of  Union 
County  are  satisfactory  for  most  ordinary  purposes. 

PUUT.IC  Stll^PIilES 

Lewisburg,  Mifflinburg,  and  West  Milton  use  surface  water, 
Lewisburg  and  West  Milton  being  supplied  by  the  White  Deer 
Mountain  Water  Co.,  which  also  supplies  Milton,  in  Northumber- 
land County.  The  Northeastern  Federal  penitentiary,  near  Lewis- 
burg, is  also  supplied  with  surface  water  by  the  White  Deer 
Mountain  Water  Co.  (See  analysis  A.)  Allen  wood,  Devitt  Camp, 
and  New  Berlin  are  supplied  with  ground  water,  as  described 
below.  Laurelton  State  Village  derives  most  of  its  water  from 
small  mountain  streams  but  has  an  auxiliary  drilled-well  supply 
(well  259). 

8'Lohman,  S.  W.  Ground  water  in  northeastern  Pennsylvania:  Pennsyl- 
vania Geoi.  Survey,  4th  ser..  Bull.  W 4,  p.  204,  1937. 
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Eighteen  families  in  Allenwood  are  supplied  from  well  286, 
owned  by  Frank  Allen.  The  water  is  lifted  by  the  well  pump  to 
a 4,050-gallon  concrete  reservoir,  whence  it  is  distributed  by 
gravity.  The  average  daily  consumption  is  about  3,000  gallons. 
The  water  requires  no  treatment. 

Devitt  Camp,  near  Allenwood,  is  supplied  from  one  small  spring 
and  two  drilled  wells  (nos.  283,  284)  owned  by  the  institution, 
which  is  headed  by  Dr.  William  Devitt.  The  small  spring  issues 
from  the  Clinton  formation  and  was  observed  to  yield  only  about 
2 gallons  a minute  on  August  3,  1934.  The  wells,  which  furnish 
most  of  the  supply,  discharge  into  a concrete  reservoir,  and  one 
of  the  wells  flows  a small  amount.  The  reservoir,  which  holds 
nearly  13,000  gallons,  is  equipped  with  a float-operated  switch 
that  automatically  starts  and  stops  the  electrically  driven  well 
pumps  whenever  the  water  level  falls  below  or  rises  above  cer- 
tain points.  The  water  is  distributed  by  gravity,  and  about  160 
people  are  supplied.  The  water  requires  no  treatment  and  is  of 
very  good  quality,  as  shown  by  analysis  283.  Another  drilled 
well  (no.  282)  supplies  the  barn  at  the  farm. 

New  Berlin  (population  459)  is  supplied  by  the  New  Berlin 
Borough  Waterworks  from  seven  small  springs  (no.  275)  on 
Shamokin  Mountain,  north  of  the  borough.  The  springs  dis- 
charge by  gravity  into  a 187,000-gallon  covered  concrete  reser- 
voir below  the  springs,  whence  the  water  is  distributed  by 
gravity  at  pressures  ranging  from  40  to  80  pounds  to  the  square 
inch.  There  are  14  fire  hydrants.  All  the  inhabitants  and  one 
creamery  are  supplied,  but  no  record  is  kept  of  the  daily  con- 
sumption. The  water  requires  no  treatment  and  is  of  very  good 
quality,  as  shown  by  analysis  275. 
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Altitudes  taken  from  nearest  contour  or  topographic  maps.  No  topographic  maps  for  western  Sh,  shale;  ss,  sandstone. 

part  of  county.  F,  natural  flow;  H,  lift  pump,  band-operated;  N,  none;  P,  force  pump,  power-operated;  S,  suction 

Dr,  drilled  well;  Du,  dug  well;  DD,  dug  and  drilled  well;  Sp,  spring  pump,  power-operated;  T,  turbine  pump. 

e C,  condensing  or  cooling;  D,  domestic;  i,  industrial:  N.  none;  P.  public  supply;  S,  stock. 


Analyses  of  ground  and  surface  waters  from  Union  County 

[Parts  per  million.  272,  275,  283,  311  analyzed  by  E.  W.  Lohr;  314,  A,  B analyzed  by  Margaret  D.  Foster. 
Numbers  at  beads  of  columns  refer  to  corresponding  numbers  in  the  preceding  table  and  on  pi.  2.) 
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Academia,  wells  near,  247 
Acker,  well  near,  265 
Acosta,  well  at,  289 
Adams  Township,  wells  in,  166 
springs  in,  272 
Addison,  wells  at,  292 
Addison  Township,  wells  in,  292 
Agriculture,  12 
Aitch,  wells  near,  236 
Akersville,  well  near,  225 
Alexander  Springs,  255 
Alexandria,  well  near,  235 
Alfarata,  wells  at  235,  257 
well  near,  257 
Allegheny  formation,  112 
Allegheny  Township,  wells  in,  148, 
163,  291 

Allegheny  Water  Company,  142 
Allenton,  well  at,  237 
Allenville,  wells  near,  233 
Allenwood,  wells  near,  301 
Alluvium,  122 
Altoona,  wells  at,  146-147 
well  near,  146 

Alumbank  P.  0.,  well  at,  130 
Alvira,  well  at,  301 
Amaranth,  wells  near,  225 
Amity  Hall,  well  at,  265 
Analyses  of  ground  waters,  139,  151, 
168,  188,  205,  218,  227,  240,  250, 
258,  267,  277,  294,  304 
Andersonburg,  wells  near,  263 
Andover,  wells  near,  224 
Antis  Township,  wells  in,  145 
Appalachian  Plateaus  province,  10,  29 
Aqueduct,  well  near,  265 
Arch  Spring,  145 
wells  near,  145 
Ardenheim,  well  at,  233 
AiTnagh  Township,  wells  in,  254 
Artemas,  wells  near,  137 
Ashcom,  well  near,  133 
Asheville,  well  at,  160 
Atkinson  Mills,  well  at,  255 
Aughwick,  spring  and  wells  near,  237 
Avis,  well  near,  215 
Axemann,  wells  and  spring  near,  180 
Axemann  limestone,  86 
Ayr  Township,  wells  in,  223 

B 

Baker  Summit,  well  near,  128 
Bakersville,  wells  near,  289 
Bakertown,  well  near,  161 
Bald  Eagle,  well  near,  144 
Bald  Eagle  Township,  wells  in,  213 
Bannerville,  well  at,  272 
Bard,  well  at,  136 
Barnes  Gap,  well  near,  226 
Barnesboro,  well  at,  160 
Barnesboro  Water  Company,  155 
Barree  Township,  well  in,  233 


Barrett,  wells  at,  199,  200 
Barr  Township,  wells  in,  161 
Barrville,  well  at,  255 
well  near,  200 

Beale  Township,  wells  in,  247 
Beaver  Springs,  well  near,  272 
Beaver  Township,  wells  in,  275 
Beavertown,  wells  at,  147,  275 
well  near,  147 
Beccaria,  wells  near,  204 
Beccaria  Township,  wells  in,  203 
Bedford,  wells  near,  132 
Bedford  Borough  Water  Co.,  127 
Bedford  County,  125-139 
Geography,  125 
Geology,  126 
Ground  waters,  125 
Ground  waters,  analyses  of,  139 
Public  water  supplies,  127 
Springs  in,  128-138 
Wells  in,  128-138 
Bedford  Springs,  well  near,  133 
springs  near,  132 
Bedford  Township,  wells  in,  131 
Beekmantown  group,  84-85 
Belden,  wells  near,  131 
Belfast  Township,  wells  in,  224 
Bell  Township,  wells  in,  201 
Bellefonte,  spring  and  wells  near,  180 
Bellefonte  Borough  Water  Co.,  173 
Bellefonte  dolomite,  86 
Belleville,  wells  near,  255 
Belltown,  well  near,  257 
Bellwood,  wells  near,  145 
Belsano,  wells  near,  161 
Benedict,  spring  near,  161 
Benfer,  well  at,  272 
Benner  Township,  wells  in,  178-180 
springs  in,  180 
Berlee,  well  near,  262 
Berlin,  wells  near,  273,  291 
Berlin  Water  Co.,  281 
Bei'wind- White  Coal  Company’s 
mine  shaft,  log  of,  170 
well,  log  of,  295 
Bethel  Township,  wells  in,  226 
Bethlehem  Mines  Co.’s  average  pumj)- 
age  of  water,  52 
Bibliography,  5-7 

Bicarbonate,  occurrence  of  in  water, 
74-75 

Big  Cove  Tannery,  wells  near,  223 
Bills  Place  (Lincoln  Highway),  well 
at,  225 

Birmingham,  spring  near,  232 
Bishtown,  well  near,  200 
Blacklick  Township,  wells  in,  161-162 
Black  Moshannon  School,  well  at,  178 
Black  River  group,  86 
Black  Township,  wells  in,  291 
Blain  Water  Co.,  260 
Blair  County,  140-151 
Geography,  140 
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Geology,  140-141 
Ground  waters,  141 
Ground  waters,  analyses  of,  151 
Public  water  supplies,  142-143 
Springs  in,  144-150 
Wells  in,  144-150 
Blair  Township,  wells  in,  148 
Blairs  Mills  Water  Co.,  231 
Bloomfield,  springs  near,  264 
Bloomfield  Township,  wells  in,  128 
Bloomfield  Water  and  Sewer  Co.,  261 
Bloomsburg  redbeds,  94 
Boalsburg,  well  at,  185 
Boggs  Township,  wells  in,  179,  202 
Booneville  Water  Co.,  211 
Boswell,  well  at,  288 
Bower,  well  near,  203 
Bradford  Township,  wells  in,  199,  200 
springs  in,  200 

Brady  Township,  wells  in,  201,  233 
Bratton  Township,  wells  in,  255 
Breezewood,  wells  near,  135 
Breyer  Ice  Cream  Co.’s  well,  log  of, 
250 

Briarly,  well  near,  187 
Bridgeport,  wells  near,  201,  264 
Broad  Top  Township,  wells  in,  129 
Brothers  Valley  Township,  wells  in, 
291 

Brotherton,  well  at,  290 
Brown  Township,  wells  in,  254 
Brownsville,  well  at,  239 
Bi'ush  Creek  Township,  wells  in,  225 
Buck  Valley,  well  near,  225 
Bucknell,  well  at,  303 
Buckstown,  well  at,  287 
well  near,  290 

Budd’s  Place  (Lincoln  Highway),  well 
at,  225 

Buffalo  Crossroads,  wells  near,  303 
Buffalo  Mills,  well  at,  136 
Buffalo  Run,  well  near,  187 
Buffalo  Township,  wells  in,  302-303 
Buffalo  & Susquehanna  Coal  and  Coke 
Co.’s  average  water  pumpage,  52 
Building  stone,  13 
Bunkertown,  well  at,  246 
Burket  Stake  Spring,  143,  149 
Burnham,  well  near,  257 
Burning  Bush,  wells  near,  133 
Burnside  Mutual  Water  Co.,  193 
Burnside  Township,  wells  in,  203 

C 

Cairnbrook,  well  at,  287 
Calcium,  occurrence  of  in  water,  73 
Cambria  County,  153-170 
Geography,  153 
Geology,  153-154 
Ground  waters,  154-155 
Ground  waters,  analyses  of,  168 
Public  water  supplies,  155-159 
Springs  in,  160-167 
Well  logs,  169-170 


Wells  in,  160-167 

Cambria  County  W ater  Supply  Co.,  159 
log  of  well  of,  169 

Cambria  Township,  wells  in,  162-163 
spring  in,  162 
Cambrian  period,  23 
Cambrian  system,  82-84 
Canaan,  well  at,  148 
Carbonate,  occurrence  of  in  water, 
74-75 

Carboniferous  period,  25 
Carboniferhus  system,  105 
Carlim  limestone,  86 
Carroll,  wells  near,  217 
Cari'oll  Township,  wells  in,  265 
Carrolltown,  spring  near,  161 
wells  near,  161 
log  of  well  near,  169 
Carrolltown  Water  Company,  156 
log  of  well,  169 
Cass  Township,  wells  in,  238 
Cassville,  wells  near,  238 
Castanea,  wells  near,  215 
Castanea  Township,  wells  in,  214,  215 
Cataract,  well  near,  199 
Catherine  Township,  wells  in,  147 
Catskill  formation,  103-105 
Cayuga  group,  93-96 
Cedar  Hills,  spring  near,  255 
Cedar  Springs,  well  near,  216 
Cenozoic  era,  29-31 
Center  Township,  spring  in,  264 
Center  Union,  wells  near,  233 
springs  near,  233-234 
Centerville,  wells  at,  137,  291 
wells  near,  137 
Central  City,  wells  at,  179 
well  near,  287 

Central  Oak  Heights,  well  near,  302 
Centre  County,  171-190 
Geography,  171 
Geology,  171-172 
Ground  waters,  172-173 
Ground  waters,  analyses  of,  188 
Public  water  supplies,  173-177 
Well  logs,  189-190 
Wells  and  springs  in,  178-187 
Centre  Hall,  wells  near,  183 
Centre  Hall  Borough  Water  Supply 
Co.,  174 

Centre  Hill,  well  near,  183 
Centre  Township,  wells  in,  272 
Centreville,  wells  near,  272 
Cessna,  wells  near,  181 
Chambersburg  limestone,  87 
Chaneyville,  well  at,  137 
Channels,  solution  in  limestone,  46-48 
Chapman,  well  at,  276 
Chapman  Township,  wells  in,  212, 
213,  276 

Charlesville,  wells  near,  135 
Charter  Oak,  well  near,  233 
Chemical  constituents  of  ground  water 
71-78 

Chemung  formation,  103-105 
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Cherrytown,  well  at,  238 
Cherry  Tree,  wells  at,  203 
Chest  Springs,  well  at,  163 
Chest  Township,  wells  in,  203 
Chloride,  occurrence  of  in  water,  75- 
76 

Cito,  wells  near,  223 
Clarence  Water  Company,  174 
Clay  Township,  wells  in,  239 
Claysburg,  well  and  spring  at,  149 
Clear  Ridge,  w’ells  near,  222 
Clearfield,  wells  at,  198 
log  of  wells  at,  207 
Clearfield  County,  191-208 
Geography,  191 
Geology,  191-192 
Ground  waters,  192-193 
Ground  water,  analyses  of,  205 
Public  water  supplies,  193-195 
Springs  in,  198-204 
Water  in  coal,  52-53 
Well  logs,  206-208 
Wells  in,  198-204 
Clearfield  Township,  well  in,  160 
Clearville,  wells  near,  135 
Climate,  14-16 
Clinton  County,  209-218 
Geography,  209 
Geology,  209-210 
Ground  waters,  210-211 
Ground  waters,  analyses  of,  218 
Public  water  supplies,  211 
Springs  in,  212-217 
Wells  in,  212-217 
Clinton  formation,  92-93 
Clintondale,  w’ells  near,  217 
Clover  Creek,  well  at,  150 
Coal,  water  in,  52 

Coal  beds,  Allegheny  formation,  112 
Coal  miixps,  water  in,  51-53 
Coalport,  wells  at,  203,  204 
well  and  spring  near,  204 
Coburn,  well  at,  182 
Cocolamus,  well  at,  246 
Colerain  Township,  wells  in,  135 
College  Township,  wells  in,  183-184 
springs  in,  184 
Color  of  ground  waters,  78 
Columnar  section,  18-22 
Colver,  wells  near,  161,  162,  163 
spring  near,  162 
log  of  well  near,  169 
Colver  Water  Company,  156 
log  of  well,  170 

Conemaugh  formation,  114-117 
Conemaugh  Township,  springs  in,  286 
wells  in,  165,  286 
Confluence,  wells  at,  292 
Conglomerate,  water  in,  42-44 
Consolidation  Coal  Co.,  283 
average  water  pumpage,  52 
Cooks  Mills,  w'ells  near,  137 
Cooper  Township,  wells  in,  199 
spring  in,  199 

Cosgrove-Meehan  Coal  Co.,  282 


Cottage,  well  near,  233 
Cove,  well  near,  266 
Cove  Tannery,  well  near,  223 
Cowan,  wells  near,  302 
Cresson,  wells  near,  163 
Cresson  State  Tuberculosis  Sanato- 
rium, water  supply  of,  157 
Cresson  Township,  spring  in,  164 
wells  in,  163-164 

Cromwell  Township,  wells  in,  238 
Cross  Grove,  wells  near,  272 
Cross  Keys,  wells  near,  247 
Croyle  Township,  wells  in,  164 
Crystal  Spring,  well  near,  225 
spring  at,  225 
Cuba  Mills,  well  near,  246 
Culp,  wells  near,  145 
Cumberland  Valley  Township,  wells 
in,  137 

Curryville,  well  at,  150 
wells  near,  149-150 
Curtin,  well  near,  179 
Curwensville,  wells  near,  201 


D 

Davidsville,  well  at,  286 
Dean  Township,  well  in,  160 
Dearmin,  w^ell  near,  165 
Decatur  Township,  wells  in,  257 
Delaware  Township,  wells  in,  249 
Dellville,  well  near,  265 
Denholm,  w'ell  at,  246 
Depression  springs,  62 
Devitt  Camp,  w'ells  at,  301 
Devonian  period,  25 
Devonian  system,  96-105 
Diabase,  118 

Dickeys  Mountain,  wells  near,  227 
Dimeling,  well  at,  199 
Dissolved  solids  in  water,  71 
Dolomite,  water  in,  46-51 
Domestic  supplies,  67 
Donnally  Mills,  well  at,  262 
Dott,  wells  near,  226 
Dowler  Junction,  well  at,  203 
log  of  well  at,  207 
Drilled  wells,  unusual  types  of,  59 
Dromgold,  wells  near,  265 
Dublin  Township,  wells  in,  223,  239 
DuBois,  wells  near,  196,  197 
log  of  wells  at,  206 
Duncannon,  wells  at,  266 
Duncansville,  wells  near,  148-149 
Dungarvin,  well  near,  232 
Dunnstable  Township,  well  in,  215 


E 

East  Buffalo  Township,  wells  in,  303 
East  Carroll  Township,  spring  in,  161 
wells  in,  161 

East  End  (Berlin),  well  at,  291 
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East  Freedom,  well  near,  149 
East  Keating  Township,  well  in,  213 
East  Providence  Township,  wells  in, 
135 

East  St.  Clair  Township,  wells  in,  131 
East  Salem,  wells  near,  249 
East  Sharpsburg,  well  at,  149 
East  Taylor  Township,  well  in,  1C5 
East  Waterford,  well  at,  247 
Ebbing  and  flowing  springs,  64 
Ebensburg,  wells  at,  162,  163 
log  of  well  at,  169 

Ebensburg  Borough  Water  Company, 
157 

Ebensburg  Coal  Co.’s  average  pump- 
age  of  water,  52 
Elberta,  well  at,  145 
Elder  Township,  wells  in,  160 
Eldorado,  well  at,  147 
Elklick  Township,  wells  in,  292 
Elliottsburg,  wells  at,  264 
Elton,  wells  near,  166 
Emmaville,  wells  near,  225 
Enid,  wells  near,  222 
Ennisville,  well  near,  233 
Eriton,  well  near,  197 
Erly,  well  at,  262 
Eschol,  well  at,  262 
Evendale,  well  at,  246 
Everett,  wells  neai',  134 

F 

Fairbrook,  wells  near,  186 
Fairview,  well  at,  165 
Falls  Creek,  well  near,  196 
Farwell,  well  at,  212 
Faunce,  well  near,  202 
Fayette  Township,  wells  in,  246 
spring  in,  246 
Felix  P.  0.,  well  near,  130 
Ferguson  Township,  springs  in,  185- 
186 

wells  in,  186 

Fermanaugh  Township,  wells  in,  246 
Ferndale,  well  near,  165 
Fiedler,  well  near,  182 
Filmore,  wells  near,  187 
Fleming  P.  0.,  well  near,  179 
Flint  clay,  13 

Flintstone,  Md.,  well  near,  137 
Flowing  Spring  Station,  spring  at,  148 
Fluctuations  of  water  table,  35-39 
Fluoride,  occurrence  of  in  water,  76 
Foreman,  well  near,  133 
Forest  Hill,  well  at,  301 
Forest  Water  Co.,  159 
Fort  Littleton,  wells  near,  223 
Fossilville,  well  at,  137 
Fracture  springs,  62 
Franklin  Township,  wells  in,  232,  274, 
275 

Frankstown,  wells  at,  148 
Frankstown  Township,  wells  in,  148 
spring  in,  148 


Freedom  Township,  well  in,  149 
Friedens,  wells  near,  289 
Friedens  Mutual  Water  Co.,  282 
Frogtown,  well  at,  232 
Fulton  County 
Geography,  219 
Geology,  219-220 
Ground  water,  220 
Ground  water,  analyses  of,  227 
Public  water  supply,  221 
Wells  in,  222-226 

G 

Gallagher  Township,  wells  in,  213 
Ganister,  well  near,  147 
Gapsville,  wells  near,  135 
Gardner,  wells  near,  187 
Garrett,  wells  near,  293 
Garrett  Water  Co.,  282 
Gatesburg,  wells  near,  186 
Gatesburg  formation,  83 
Geistown,  wells  near,  166 
General  Refractories  Company,  public 
water  supply,  142,  194 
Gleasonton,  wells  at,  212 
Geography,  8-15 

See  also  county  descriptions 
Geologic  formations,  18-22 
Geologic  history,  23-31 
Geologic  structure,  27 

Relation  of,  to  ground  water,  40-41 
See  also  county  descriptions 
Geology,  17-31 

See  also  county  descriptions  and 
Water-bearing  formations 
Girard  Township,  well  in,  199 
Glass  sand,  13 
Gleniron,  wells  near,  300 
Glessner,  well  at,  288 
Grafton  (Heston),  wells  near,  236 
Grampian,  wells  at,  202 
wells  near,  200,  202 
Grand  View,  well  at,  136 
Granville,  wells  near,  256 
Granville  Township,  wells  in,  256 
Gray,  well  at,  199 
Graysville,  well  near,  232 
spring  at,  232 

Grazierville,  spring  near,  145 
Greene  Township,  wells  in,  217 
springs  in,  217 

Greenfield  Township,  wells  and  spring- 
in,  149 

Greenpark,  wells  near,  263 

Greenwood  Township,  wells  in,  203, 
249,  262 

Gregg  Township,  springs  in,  182 
wells  in,  182-183,  301 
Ground  water,  31 

See  also  county  descriptions  and 
Water-bearing  formations 
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Ground  water,  occurrence  of,  32-34 
by  geologic  formations,  18-22 
conditions,  84,  87,  90,  91,  95,  97, 
100,  104-109,  111,  113-114,  116, 
118,  121 

Grove  Mills,  spring  near,  185 
Gulich  Towmship,  wells  in,  204 

H 

Haines  Township,  well  in,  182 
Halfmoon  Township,  well  in,  187 
Hamilton  formation,  99-100 
Haneyville,  wells  near,  213 
Hannah,  well  near,  187 
Hardness  of  water,  76 
Harris  Towmship,  wells  and  springs 
in,  185-186 

Harrison  Township,  wells  in,  136 
Harrisonville,  well  at,  224 
Hartleton,  well  at,  300 
Hartley  Township,  wells  in,  300 
Hastings,  well  near,  160 
Hastings  Borough  Water  Company, 
157 

Heckler’s  well,  log  of,  170 
Helderberg  limestone,  95-96 
Helixville,  well  near,  131 
Helvetia,  well  near,  201 
Henderson  Township,  w'ells  in,  233  ' 

Henrietta,  well  near,  150 
Henrietta  Water  Co.,  158 
Heston  (Grafton),  wells  near,  236 
Hewitt,  well  at,  137 
Highland  Park,  well  near,  257 
Hillsboro,  well  at,  286 
Hiram,  wells  near,  222 
Hollidaysburg,  wells  near,  148 
Hollywood,  well  at,  198 
Hollsopple,  springs  at,  286 
Homecamp,  well  near,  198 
Home  Water  Company,  142 
Honey  Creek,  spring  near,  254 
Hoover  Island,  well  at,  275 
Hooversville,  wells  near,  287 
Hopewell,  well  at,  129 
Hopewell  Township,  wells  in,  129,  238 
Houserville,  well  at,  183 
Howard,  wells  near,  179 
Howard  Township,  wells  in,  179 
Howe  Township,  well  in,  265 
Hublersburg,  wells  near,  181 
Hummells  Wharf,  wells  near,  273 
Hunter  Park,  well  near,  179 
Huntingdon,  wells  near,  234,  235 
Huntingdon  County: 

Geography,  228 
Geology,  228-229 
Ground  waters,  229-231 
Ground  waters,  analyses  of,  240 
Public  supplies,  231 
Springs  in,  232-239 
Well  log,  241 
Wells  in,  232-239 

Huntingdon  Furnace,  well  near,  232 


Huston  Township,  wells  in,  147,  179, 
198 

Hustontown,  wells  at,  222 
Hyde,  well  at,  199 
Hydroelectric  power,  14 
Hydrogen  sulphide,  occurrence  of  in 
water,  77-78 
Hyner,  w’ells  at,  213 


I 

Ichelbergertown,  w’ells  near,  129 
Ickesburg,  wells  at,  262 
Igneous  rock,  water  in,  53-54 
Illinoian  drift,  120 
Imler,  well  at,  130 
Imlertown,  wells  near,  132 
Industrial  water  supplies,  68-69 
Infiltration  tunnels,  65 
Inglesmith,  wells  near,  138 
Iron,  occurrence  of  in  water,  72-73 
Iron  ore,  14 
Ironville,  W'ell  at,  144 
spring  near,  145 
Irvona,  wells  at,  203 


J 

Jackson  Township,  wells  in,  164,  165, 
233,  263,  273 

Jacksonville,  well  near,  180 
James  Creek,  wells  at,  236 
Janesville,  well  at,  204 
Jefferson  Township,  wells  in,  289 
Jenners,  well  at,  288 
Jenners  Crossroads,  well  at,  288 
Jenners  Township,  wells  in,  288 
Jenners  Water  Co.,  281 
Jennertown,  wells  at,  288 
Jersey  Shore,  wells  near,  215 
Jerseyan  drift,  119 
Johnstown,  wells  at,  165 
Julian,  well  at,  179 
Juniata,  well  at,  146 
Juniata  County: 

Geography,  242 
Geology,  242-243 
Ground  waters,  243-244 
Ground  waters,  analyses  of,  250 
Public  supplies,  244-245 
Springs  in,  246-249 
Well  log,  250 
Wells  in,  246-249 
Juniata  formation,  90-91 
Juniata  Township,  wells  in,  136,  137, 
149,  264 
spring  in  149 

K 

Kantner,  wells  near,  187 
Kantz,  well  near,  274 
Karthaus  Township,  wells  in,  199 
Keating,  well  near,  213 
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Kegg,  well  iieai’,  137 
Kelly  Township,  wells  in,  301-302 
Keystone,  well  at,  266 
well  near,  293 

Keystone  Camp,  spring  at,  301 
Kimmell  Township,  wells  in,  128 
King  Township,  wells  in,  130 
Kingwood,  well  in,  291 
Kinkora  Heights,  wells  neai',  266 
Kistler,  well  near,  263 
Knobbsville,  well  at,  223 
Knox  Township,  wells  in,  202 
Kratzerville,  wells  near,  273 
Kreamer,  wells  neai-,  274,  275 
Kylertown,  spring  near,  198 

L 

Lack  Township,  wells  in,  247 
Lafayetteville,  well  near,  129 
Laidig,  well  near,  222 
Lamar,  springs  near,  216 
Lamar  Township,  wells  in,  216 
Landisburg,  wells  at,  263,  264 
Larke,  well  near,  147 
Lashley,  wells  near,  226 
Laurelton,  wells  near,  300 
Laurelton  State  Village,  well  near, 
300 

Lawrence  Township,  wells  in,  198,  199 
Lemont,  wells  near,  185 
Lewisburg,  wells  near,  302,  303 
Lewistown,  wells  near,  256 
wells  at,  257 

Lewis  Township,  wells  in,  300 
springs  in,  300 

Liberty  Township,  wells  in,  129 
Licking  Creek  Township,  wells  in,  224 
Lilly,  wells  near,  164 
Limestone,  water  in,  46-51 
solution  channels  in,  46-48 
wells  in,  49-51 

Limestone  Township,  wells  in,  301 
springs  in,  300,  301 
Lincoln  Township,  well  in,  289 
Listonburg,  well  at,  292 
Liverpool,  wells  near,  262 
Liverpool  Township,  wells  in,  262 
Livestock  water  supplies,  68 
Llanfair,  well  near,  166 
Location  and  extent  of  area,  3-4 
Lock  Haven,  wells  at,  214 
wells  near,  215 
Locke  Mills,  well  at,  254 
Lockport,  well  at,  215 
Locust  Run,  wells  near,  249 
Logan  Township,  wells  in,  145,  146, 
147,  235 
springs  in,  147 
Loganton,  wells  at,  217 
Londonderry  Township,  wells  in,  137 
Loop,  well  at,  148 
Loretto,  wells  near,  163 
Losh  Run,  wells  near,  265 
Lovett,  well  near,  166 


Lower  Cambrian  series,  82 
Lower  Devonian  series,  96-98 
Lower  Yoder  Township,  well  in,  165 
Lowville  limestone,  87 
Loyalhanna  Coal  & Coke  Co.’s  well, 
281 

Loyalhanna  limestone,  107 
Loysville,  wells  near,  263 
Lumber  City,  well  at,  202 
Luthersburg,  wells  near,  201 
Lutzville,  wells  near,  133 

M 

McAlevys  Fort,  well  at,  233 
McAllisterville,  wells  near,  246 
McAllisterville  Water  Co.,  244 
McClure,  wells  near,  257,  272 
McConnellsburg,  wells  near,  223 
McConnellsburg  Water  Co.,  221 
McConnellstown,  well  near,  236 
McCoysville,  well  at,  247 
McCullocks  Mills,  well  near,  247 
McElhattan,  wells  near,  215 
McGees  Mills,  well  at,  201 
McKees  Half  Falls,  well  at,  276 
McKenzie  formation,  94 
McPherron  School,  spring  near,  203 
McVeytown,  wells  near,  255 
McVeytown  Private  Water  Co.,  253 
Macdonaldton,  well  near,  291 
Macedonia,  well  near,  246 
Mackeyville,  well  near,  216 
spring  near,  216 

Madison  Township,  wells  in,  263 
Madisonburg  Water  Supply  Co.,  174 
Magnesia  spring,  62 
Magnesium,  occurrence  of  in  water, 
73 

Mahaffey,  well  at,  201 
Mahantango,  well  at,  276- 
Maitland,  wells  near,  257 
Mann  Township,  wells  in,  137-138 
Mapleton  Depot,  well  near,  236 
Marcellus  shale,  99-100 
Maria,  wells  near,  128 
Marion  Township,  well  in,  181 
Markelsville,  well  near,  264 
Marklesburg,  wells  at,  236 
Markleton,  well  at,  291 
Marstellar,  well  near,  161 
log  of  well  near,  169 
Martinsburg  shale,  88-89 
Martinsburg,  wells  near,  149-150 
Mattawana,  wells  at,  255 
Mattie,  well  at,  135 
Mauch  Chunk  shale,  108-109 
Mazeppa,  wells  near,  302 
Meiserville,  wells  at,  276 
Mench,  wells  near,  134-135 
Menno,  spring  near,  255 
Menno  Township,  well  in,  255 
Mentzer,  well  at,  239 
Mesozoic  era,  29-31 
Mexico,  wells  near,  248 
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Meyersdale,  wells  near,  293 
Middleburg,  \vells  near,  274,  275 
Middle  Creek  Township,  well  in,  274 
Middle  Devonian  series,  98-101 
Mifflin,  well  near,  246 
Mifflinburg,  wells  near,  301,  302 
Mifflin  County: 

Geography,  251 
Geology,  251-252 
Ground  waters,  252-253 
Ground  waters,  analyses  of,  258 
Public  supplies,  253 
Springs  in,  254-257 
Wells  in,  254-257 
Mifflintown,  well  at,  246 
Miles  Township,  well  in,  182 
Milford  Township,  wells  in  246,  247, 
291 

Mill  Creek,  wells  near,  233 
Millerstown,  wells  near,  262 
Millertown,  well  near,  131 
Miller  Township,  wells  in,  265 
Mill  Hall,  wells  near,  213 
Milroy,  wells  near,  254 
Mineral  Point,  well  near,  165 
Mineral  Spring,  well  and  springs  at, 
200 

Mines  dolomite,  84 
Mississippian  series,  105 
Mississippian  time,  25 
Monongahela  formation,  117-118 
Monroe  Coal  Company,  public  water 
supply,  158 

Monroe  Township,  135,  246,  273 
Monterey,  well  at,  263 
Morrellville,  well  at,  165 
Morrisdale,  well  at,  202 
Morris  Township,  wells  in,  202,  235 
Mount  Davis,  well  on,  292 
Mount  Etna,  well  at,  147 
Mount  Pleasant,  well  at,  263 
Mount  Pleasant  Mills  (Freemont), 
well  at,  275 
spring  near,  275 

Mount  Union,  wells  at,  236,  237 
Mount  Zion,  well  at,  291 
Mowry,  well  near,  199 
log  of  well  near,  207 
Mundys  Corner,  well  at,  165 
Musser,  well  near,  186 

N 

Nanty  Glo,  wells  near,  162,  164,  165 
Nanty  Glo  Borough  Water  Co.,  158 
log  of  well  of,  170 
Napier  Township,  wells  in,  131 
Narrows  Creek,  wells  near,  198 
Natural  gas,  13 
Nealmont,  well  at,  144 
wells  near,  232 
Needmore,  wells  near,  224 
wells  at,  225 
Neelyton,  well  near,  239 
Neffs  Mills,  well  near,  233 


Nekoda,  well  near,  •/62 
New  Baltimore,  well  at,  291 
New  Berlin,  wells  and  spring  near, 
301 

New  Berlin  Borough  Waterworks,  229 
New  Buena  Vista,  wells  near,  136 
New  Buffalo,  well  at,  265 
Newburg,  wells  near,  146 
New  Columbia,  well  near,  301 
New  Eiiterprise,  wells  near,  129-130 
New  Germantown,  wells  near,  263 
New  Grenada,  well  at,  222 
New  Paris,  well  at,  131 
Newport,  wells  near,  265 
Newry,  well  at,  148 
Newton  Hamilton,  wells  near,  255 
New'  York  Central  Railroad  Co.’s 
wells,  logs  of,  207 
Nitrate,  occurrence  of  in  w'ater,  76 
Nittany  dolomite,  86 
Niverton,  w'ell  at,  292 
North  Bend,  well  at,  212 
Northern  Cambria  Water  Co.,  159 
log  of  well  of,  169 

Northumberland  County,  well  in,  275 
Northw’est  Mining  & Exchange  Co.’s 
w'ell,  log  of,  206 

North  Woodbury  Towmship,  wells  in, 
150 

Nossville,  wells  near,  237 
Noyes  Township,  w'ell  in,  213 


0 

Oak  Grove,  well  at,  202 
Oakland  Mills,  wells  near,  246 
Observation  wells,  37 
Occurrence  of  ground  w'ater,  32-54 
Ogle  Township,  well  in,  286 
Ogletown,  w'ells  near,  130,  286 
Olanta,  well  near,  201 
Old  Port,  well  at,  248 
Oliver  Towuiship,  w'ells  in,  255,  265 
Oneida  Towmship,  wells  and  springs 
in,  233-234 

Onondaga  formation,  99-100 
Orbisonia  Water  Co.,  231 
Ordovician  period,  23 
Ordovician  system,  84-88 
Ore  Hill,  well  near,  149 
Oriental,  w'ells  near,  249 
Oriskany  group,  97 
Osceola,  well  at,  178 
Oshanter,  well  near,  202 
Osterburg,  wells  near,  130 
Oswego  sandstone,  89-90 
Ott  Town,  wells  near,  135 


P 

Paint  Towmship,  w'ells  in,  286 

Paleozoic  era,  23 

Palo  Alto,  w'ells  near,  137 


312 


INDEX 


Parktown,  well  at,  165 
log  of  well  at,  170 
Parvin,  well  near,  216 
Patton  Township,  wells  in,  186-187 
Pavia,  well  at,  128 
Paxtonville,  wells  near,  275 
Pemberton,  well  near,  235 
Penn  Township,  well  in,  182,  202, 
236,  266,  273 

Penns  Creek,  wells  near,  272 
Pennsylvania  Industrial  Reformatory, 
spring  at,  231 

Pennsylvania  State  College’s  well  near 
Shingletown,  log  of,  190 
wells  near  State  College,  log  of,  189 
Pennsylvanian  series,  110 
Pennsylvanian  time,  26 
Perched  water,  35 
Permian  time,  27 
Perry  County: 

Geographv.  258-259 
Geology,  259 
Ground  waters,  259-260 
Ground  waters,  analyses  of,  267 
Public  supplies,  260-261 
Spring  in,  264 
Wells  in,  262-266 
Perry  Township,  wells  in,  275 
spring  in,  275 
Peru  Mills,  well  at,  247 
Perulack,  wells  near,  247 
Petersburg,  well  near,  233 
well  at,  235 

Philipsburg,  well  at,  178 
Pike  Tovuiship,  wells  in,  200,  201 
airplane  landing,  well  at,  200 
Pilltown,  well  near,  288 
Pine  Creek  Township,  wells  in,  215 
Pinecroft,  well  near,  145 
Pine  Grove  Water  Co.,  175 
Pine  Station,  well  at,  215 
Pine  Township,  well  in,  198 
Pleasant  Gap,  wells  near,  180,  181 
spring  near,  180 

Pleasant  Gap  Water  Supply  Co.,  175 
Pleasant  Hill  limestone,  83 
Pleasant  View,  wells  near,  248 
Pleasantville,  wells  near,  130,  131 
Pleistocene  series,  119 
Plum  Run,  wells  near,  227 
Pocono  formation,  105-107 
Point,  wells  near,  131 
Population,  11 
Portage  group,  101-103 
Porter  Township,  wells  in,  235 
Porter  Township,  wells  in.  216,  217 
Port  Matilda,  well  near,  187 
Port  Matilda  Water  Co.,  175 
Port  Royal,  wells  near,  247,  248 
log  of  well  at,  250 
Port  Royal  Water  Supply  Co.,  244 
Port  Trevorton,  wells  at,  276 
Potassium,  occurrence  of  in  water, 
73-74 

Potter  Mills,  wells  near,  183 


Potter  Township,  wells  in,  183 
Pottsville  formation,  110-111 
Pre-Cambrian  time,  23 
Pre-Illinoian  drift,  119 
Public  supplies,  70 
Pumps,  types  of,  58 
Purcell,  well  at,  138 

Q 

Quality  of  ground  water,  70-81 
Quartzite,  water  in,  42-44 
Ouatemarv  system,  119 
Queen,  well  at,  128 
Ouemahoning  Reservoir,  281 
Quemahoning  Township,  wells  in,  287- 
288 

R 

Railroad  supplies,  69-70 
Rainsburg,  wells  near,  135-136 
Ralphton,  wells  near,  288,  289 
Ramey,  well  near,  204 
Raubs  Mills,  well  near,  272 
Rebersburg,  well  near,  182 
Rebersburg  & Smulton  Water  Co.,  175 
Recent  series  (deposits),  122 
Recovery  of  ground  water,  54-66 
Reeds  Gap,  wells  near,  247 
Reedsville,  wells  ne-^r,  254 
Reedsville  shale,  88-89 
Reels  Corners,  well  at,  290 
wells  near,  287 
Reese,  well  near,  148 
Renovo,  wells  near,  212 
Revloc,  mine  shaft  at.  162 
Richfield,  well  near,  275 
Richland  Township,  wells  in,  166 
Richvale,  wells  near,  237 
Riddlesburg,  well  at,  129 
Ridge  and  Valley  province,  9,  28,  63 
Ridgeley  sandstone,  97-98 
Rising  Spring  Water  Co.,  176 
Roaring  Spring,  143,  149 
well  near,  149 
Robertsdale,  well  at,  238 
log  of  well  at,  241 
Robinsonville,  well  near,  135 
Rochester  & Pittsburgh  Coal  Co.,  194 
Rockhill  Coal  & Iron  Co.’s  well,  log  of, 
241 

Rock  Spring,  well  at,  186 
spring  near,  186 
Rockton,  well  at,  198 
Rockwood,  wells  near,  291 
Rockwood  Water  Co.,  283 
Rocky  Springs  Water  Co.,  193 
Rosecrans,  wells  near,  217 
Rote,  wells  near,  216 
Royer,  springs  at,  147 
Rush  Township,  wells  in,  178 
Rye  Township,  well  in,  266 


INDEX 


313 


S 

Sabula,  wells  near,  197 
St.  Augustine,  well  at,  160 
St.  Lawrence,  wells  near,  160 
St.  Michael,  mine  shaft  near,  log  of, 
166,  170 

Salemville,  wells  near,  130 
Salem,  wells  near,  201,  273,  274 
Salisbury,  wells  at,  292 
Salix,  wells  near,  166 
Salix  Mutual  Water  Co.,  158 
Salona,  spring  near,  216 
well  at,  216 

Saltillo,  wells  near,  239 
Saluvia,  well  near,  224 
Sand  Spring  Camp,  wells  near,  300 
Sand  Spring  Water  Co.,  283 
Sandstone,  water  in,  42-44 
Sandy  Ridge,  wells  near,  178 
Sandy  Township,  wells  in,  196,  197 
Sanitary  considerations,  78 
Saulsburg,  well  at,  233 
Saville  Township,  wells  in,  262-263 
Saxton,  wells  at,  129 
Scalp  Level,  well  at,  145 
Schellsburg,  wells  near,  131,  136 
Scotia,  well  at,  186 
Seepage  springs,  61 
Selinsgrove,  wells  at,  274 
Selinsgrove  State  Colony  for  Epilep- 
tics, wells  of,  271 
Seven  Stars,  wells  near,  232,  249 
Shade  Gap,  wells  near,  239 
Shade  Township,  wells  in,  287 
Shade  Valley  P.  O.,  wells  near,  237 
Shaffer,  well  at,  197 
Shaffersville,  well  at,  235 
Shale,  water  in,  44-45 
Shamokin  Dam,  wells  near,  273 
Shanksville,  well  at,  290 
Sharpe,  wells  near,  226,  227 
Shermandale,  well  at,  265 
Shindle,  well  at,  257 
Shingletown,  wells  near,  185 
Shirley  Township,  wells  in,  236,  237 
spring  in,  237 

Shirleysburg,  wells  near,  237 
Shriver  chert,  97 
Sidman,  well  near,  166 
Siglerville,  wells  near,  254 
Silica,  occurrence  of  in  water,  72 
Silica  brick,  13 
Silurian  period,  24 
Silurian  system,  91-96 
Sipes  Mill,  wells  near,  224 
Sipesville,  well  at,  289 
Smithfield,  well  and  spring  near,  235 
Smithfield  Township,  well  and  spring 
in,  235 

Smith  Fire  Tower,  well  near,  198 
Smith  Mill  P.  O.,  well  at,  204 
Snake  Spring  Township,  wells  in,  133 
Snook,  well  near,  257 
Snow  Shoe  Water  Company,  175 


Snyder  County: 

Geography,  269 
Geology,  269-270 
Ground  waters,  270-271 
Ground  waters,  analyses  of,  277 
Public  supplies,  271 
Springs  in,  272,  275 
Wells  in,  272-276 
Snyder  Township,  wells  in,  144 
Snydertown,  well  near,  182 
Sodium,  occurrence  of  in  water,  73-74 
Somerfield,  wells  at,  292 
Somerset,  spring  near,  289 
wells  near,  289-290 
Somerset  County: 

Geography,  276 

Geology,  279 

Ground  waters,  279-280 

Ground  waters,  analyses  of,  294 

Log  of  well  in,  295 

Public  supplies,  280-285 

Springs  in,  286,  289 

Water  in  coal,  53 

Wells  in,  286-293 

Somerset  Township,  wells  in,  289, 
290 

springs  in,  289 
Somerset  Waterworks,  284 
Source  of  ground  water,  31-32 
Southampton  Township,  wells  in,  137, 
293 

South  Fork,  well  at,  164 
South  Woodbury  Township,  wells  in, 
129 

Spangler,  wells  near,  160-161 
log  of  well  at,  169 
Springfield  Township,  well  in,  239 
Springhope,  wells  at,  131 
Spring  Meadow,  well  and  spring  at, 
131 

Spring  Mills,  wells  at,  182-183 
springs  near,  182 
Spring  Mills  Water  Co.,  176 
Springs,  classification  of,  61 
types  of  59-65 
Springs,  well  near,  292 
Spring  Township,  wells  in,  180,  264, 
272 

springs  in,  180 
Sproul,  spring  near,  149 
Spruce  Creek,  wells  near,  235 
Spruce  Creek  Township,  wells  in,  235 
Spruce  Hill,  well  at,  248 
Spruce  Hill  Township,  wells  in,  248 
State  College: 

Discharge  of  spring  at,  39 
Log  of  wells  near,  189 
Spring  near,  184 
Water  Co.,  176-177 
Wells  near,  183,  184 
Sterrett  Gap,  wells  near,  265 
Stevens,  well  near,  179 
Stonehenge  limestone,  86 
Stony  Creek  Township,  wells  in,  290 
Stony  Point,  well  near,  263 
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Stormstown,  well  near,  187 
Stoyestown  Station,  wells  near,  287 
Stoyestown  Water  Co.,  284 
Stoyestown,  wells  near,  287,  288 
Stratigraphy,  summary  of,  17 

relation  to  character  of  ground 
water,  79 

Strodes  Mills,  wells  near,  256 
Strouptown,  wells  near,  275 
Suburban  Water  Co.,  211 
Sulphate,  occurrence  of  in  water,  75 
Sulphur  springs,  62,  136 
Summerhill,  well  near,  164 
Summit,  spring  near,  149 
wells  near,  164 

Summit  Township,  wells  in,  293 
Summit  Water  Supply  Co.,  159 
Supplies  of  water, 
domestic,  67 
industrial,  68 
livestock,  68 
I'ailroad,  69 
public,  70 

Suspended  matter  in  ground  water, 
78 

Susquehanna  Township,  wells  in,  160, 
249 

Swengel,  well  near,  300 
T 

Tatesville,  well  near,  129 
Taylor  Township,  wells  in,  149,  187, 
222 

spring  in,  149 

Tell  Township,  wells  in,  237 
Terrace  deposits,  118 
Tertiary  system,  118 
Thomas  Mills,  well  at,  286 
Thompson  Spring,  discharge  of,  39 
Thompson  Township,  wells  in,  226,  227 
Thompsontown,  wells  near,  249 
Thompsontown  Waterworks,  245 
Three  Springs,  well  at,  239 
Toboyne  Township,  wells  in,  263 
Tod,  wells  near,  238 
Tod  Township,  wells  in,  238 
Todd  Township,  wells  in,  223 
Tonoloway  limestone,  94-95 
Topography,  10 

relation  to  utilization  of  water,  66 
Transportation,  11 
Trenton  limestone,  87 
Tressler  Orphans  Home,  springs  at, 
261 

Triassic  system,  118 
Tripolo,  well  at,  162 
Trough  Creek,  wells  near,  238 
Trout  Run  station,  well  near,  213 
Troutville,  well  at,  201 
Troxelville,  springs  near,  272 
Troxelville  Water  Co.,  271 
Tubular  springs,  63 
Tully  limestone,  101-102 
Turbett  Township,  wells  in,  248 


Turtleville,  wells  near,  303 
Tuscarora,  well  near,  248 
Tuscarora  quartzite,  91-92 
Tuscarora  Township,  wells  in,  247, 
262 

Tusseyville,  wells  near,  183 
Tyler,  well  at,  198 
Tyrone,  wells  at,  144 
Tyrone  Township,  wells  in,  263 


U 

Unconsolidated  deposits,  water  in,  41- 
42 

Union  Coal  Co.’s  well,  log  of,  207 
Union  County: 

Geography,  296 
Geology,  296-297 
Ground  waters,  297-298 
Ground  waters,  analyses  of,  304 
Public  supplies,  298,  299 
Springs  in,  300,  301 
Wells  in,  300-303 
Union  Furnace,  well  near,  235 
Union  Township,  wells  in,  128,  179, 
198,  225,  226,  236,  255,  275,  276,  303 
Unionville,  well  near,  179 
Unionville  Water  Co.,  177 
Upper  Devonian  series,  101 
Upper  Ordovician  series,  88-89 
Upper  Turkeyfoot  Township,  wells  in, 
291-292 

Upper  Yoder  Township,  well  in,  165 
Utilization  of  ground  water,  66-70 

V 

Vail,  well  near,  144 
Valley  Mill,  wells  near,  133 
Vandyke,  well  at,  249 
Van  Wert,  wells  near,  248 
Vetera,  wells  at,  163 
log  of  well  at,  170 
Viaduct,  wells  near,  199 
Vicksburg,  wells  near,  302,  303 
Vinco  P.  0.,  well  at,  165 
Vira,  wells  near,  257 
Viscose,  wells  near,  256 
Vulcan  Smithing  Coal  Co.,  282 

W 

Wagner,  wells  near,  257 
Walker  Township,  wells  in,  181-182, 
248,  249 

Wallaceton,  wells  near,  202 
log  of  well  near,  207 
Walnut,  wells  near,  247 
Walnut  Grove,  wells  near,  165-166 
log  of  well  near,  170, 
well  at,  264 

Walter  Township,  wells  in,  236 
Walton,  well  near,  199 
Warfordsburg,  wells  near,  226 
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Wariior  limestone,  83 
Wari'iorsmark,  wells  near,  232 
Warriorsmark  Township,  wells  and 
spring  in,  232 

Washington  Township,  164,  275 
Water  in  coal,  Somerset  County,  53 
Water-bearing  formation,  occui-rence 
and  character  of,  82-122 
See  also  county  descriptions 
Waterfall,  well  at,  222 
Waterloo,  well  at,  247 
Waterside,  well  at,  129 
Water  table,  35-40 
Watts  Township,  wells  in,  265 
Wayne  Township,  wells  in,  215,  255 
Waynesboro  formation,  82 
Websters  Mills,  well  near,  223 
Wellersburg,  well  at,  293 
Wells; 

construction  of,  49,  54-59 
fluctuations  of  water  levels  in,  37-39 
in  consolidated  rocks,  57 
in  unconsolidated  rocks,  57 
specific  capacity  of,  55 
Wells  Tannery,  wells  near,  222 
Wells  Township,  wells  in,  222 
West  Beaver  Township,  wells  in,  272 
West  Buffalo  Township,  well  and 
springs  in,  301 

West  Carroll  Township,  s])i’ing  and 
wells  in,  161 

West  Decatur,  well  at,  202 
West  End,  well  at,  137 
West  Liberty,  wells  near,  197 
log  of  well  at,  206 
West  Pdilton,  wells  near,  301 
Westover,  wells  near,  203 
West  Perry  Township,  wells  in,  275 
Westport,  well  at,  213 
West  Providence  Township,  wells  in, 
134 

West  St.  Clair  Township,  wells  in, 
130 


West  Township,  wells  in,  233 
Weyant,  well  near,  130 
Weynant  Spring,  public  supply,  143- 
149 

Wheatfield  Township,  wells  in,  265 
Whips  Cove,  wells  near,  225 
White  Deer,  well  near,  301 
White  Deer  Township,  wells  in,  301 
White  Springs,  well  near,  300 
Wila,  wells  near,  264 
Williamsburg,  spring  at,  and  wells 
near,  147 

Williams,  E.  L.,  well,  log  of,  170 
Willow  Grove,  wells  near,  133 
Wills  Creek  shale,  94 
Windber,  wells  near,  286 
log  of  well  near,  295 
Winfield,  wells  at,  273,  303 
wells  near,  303 
Wingate,  wells  near,  179 
Wisconsin  drift,  121 
Wolfsburg,  well  at,  132 
Wood  P.  0.,  well  near,  238 
Woodbury,  wells  at,  128 
Woodbury  Township,  wells  in,  128 
Woodland,  springs  and  well  at,  200 
Wood  Township,  wells  in,  238 
Woodvale,  well  near,  238 
Woodward  Township,  wells  in,  215 
Woodward  Watei'  Co.,  177 
Woolrich,  well  near,  215 
Wopsononock,  well  at,  145 
Worth  Townshi)),  well  in,  187 

Y 

Yellow  Creek,  wells  2iear,  129 
Youngsdale,  well  near,  215 
Yount,  wells  near,  132 

Z 

Zion,  wells  near,  181 
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